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The present invention relate ^ 

•«■»*. op toaIly prese „, / ~* -« ProPes ara rapable „ J 
«™«. olooa. pus> b0 „ e ^T*"** ^ «*• W"al. p,e U r al . p.^' 

* * pr es « ,„ re „ ta are ■. urp : * - - — « «* Protes . ^ 

,h us maWns MSSMe J * f » — i to cel, «, „ te 

BACKGROUND OF THE INVENTION 

Tuberculosis is a verv fife thr * 

- 7. 5 m „ to in , ™r, ; : annua ' num ° er — *«- 
« — . n- :z zz : 2m an ^ - - — » . 

pe °* «• <*. from tt.bercte,, " MMe « ls es limalM ft* 30 

The pr a » atence of , gp 

— — . co Unlfc , t^s a pp M ;, r a r an ,ncrease has * — — «t 

U ™"'™» ' *«t win . rise , "T Pr ° 8rammes a « ™*=r, prob,e ms 

—to, or worse, ™, Wrug ' - <™««<* - new s.r,™ „,„, are 
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• ~ Prises aMrt fom M ^ rr sis comptex <mott > 

Mycobacteria of ft. mott group „ „„, „„ , ' * * Canum « «■ mte* 

» „, ft e M0TT V ^ a r MV, * a ' S ""^ « C,l„ lca , 

* o, « tw ::: — ~ — . „ ^ 

-tain amlb toUc resistance ph « s °' «» ™ta*r mechanisms u „ a 

™.atto„ s i„ rR NA ge „es. The „„„:„„„: - tohte have 

revealed 

opero, «, mycobacteria ^™w,„ 9 i^cbacterla have only a sln*, rRNA 

are « M . „ on , „ ^ ^ *« - -men,, fte *, SU5cepBNe 

" "» *> On, therapy 

— in contrast, -primary , 7 '"**" ** 

*u g -,esis,an, mycobae« a ran be » »*« >o character . s „ ua , fo „ ^ 

<„**, and has b.:*^r a ::! n,>,ho has ™ ^ — * 

This is unfortunately , J 66 " in fte presence « the lndM( , ua , 

^"^^-C^-resisteneeis a.ieastne, , 

■ a. least no, ye,, very J( , s never(hete5s 



necessary information about the type of in l " baCi '"' d ° 6S not the 

Pos, Ve for ac , fest bacj , ^ ^ - for estabiishing a gnosis. Sampies 
1° spec.es identification. V 6 CU ' tUred ,n °*er to be able to perform 

Since Ziehi-Neeisen staining cannot be used to det. ■ 

Pos.ti Ve staining frepuentiy , eads to very cost Materia of the MTC group a 

even respond. ment laments to which the patient may not 

Since the sensitivity of acid fa«t «w ■ 

20 P0S * S <° — «-«C organisms „ JT " — * « - . may te 

3 »eeks „, furrher t9s||ng about drug susceptibility is not available until after 1- 

<=*re System (Oifco,, MB/BacT °* " "e»er media indllde Kp ' 

— specie, identification «" — - - o roup . 8nd ,„ 

W ' """»0Mona otnerthanthose cf the MTC 

A "~— ~~ telies.™^ 



4 

amplification technology Sever*! m** , . 

P*«P.e o, , mp „ faSon me , hods ; d e ^7 »" rae 6asfc 

- -P«ed lo Ince.e ffie % „„ mter of S ~- " ~ - - my oob a e te „ a 
5 ™y be deleoable. l„ odndola th „ T * SeWnce >° ° *« where rhe 

» ^e PC R me„, M oiay 9 ,ve fa , M ^ ^IT *~ « * each method. 
Anolber.rob.em,^ J 7**° 

P°*e res*, a di^^ „ """" Stamen, ,eadi„ 9 to ase 

e ap ab,e o, hyb^, in . «2^1T! r. ~- '° **■ ~ 
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»ybrldlse to a DNA or a rna teroet JhT,, ha ' e "»« <° 

"nformaltaM «exibi % „ ^ pepMs ™* " aCI<b °" es - 'es P e=.i».,y. a „d , 0 fc „ 

""*c add probes as amisense , JL„ ™ A " ' ** „se 0 , p8plid . 

eraoaobc agents and opens fakMuly taporBnt 



applications in diagnostics. 
SUMMARY OF THE INVENTION 
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5 ^^^rri'T"-*--*--*------ 

be.no capa b ,e of , yMs ^3 ! % " "* SM ^ 

«* P-obes. saa probe J, 1 P Tj b ! inVenCOn rebteS K »-* 

mycobacteria, from wNc S aid L °" he - Pa-fagotto 

« th9 : tr„, " d t m/cobac,ena = re '° 66 — *— ■ « 
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my»bao,e„ a are to be ^J^*" f ™ «** •* one or more 
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(c) synthesising said probe, and 

-n a further aspect, the invention reiates to nove, peptide nuCeic acid probes for detectin g a 
ares e f rmoremycQ ^ 

(MTC), or for detecfng a target sequence of one or more mycobacteria other than 
mycobacteria of the Mycobacterium tubercuiosis Compiex (MOTT) optiona,, r ent in a 
samp,, which probes comprises fromato nv^^J^ZZZl^ 

rRNA or 23S, 188 or 5S rRNA forming detectab.e hybrids. Suitabie probes are those of 
formuia (,) comprising from 10 to 30 po.ymerised moieties of formuia (,) 




(I) 
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wherein each X and Y independently designate O or S, 

each Z independently designates O S NR 1 orCfR'i ',„,h Q ~ u ~i 

«4 he ad. ch„n of a „on-„a. U ra,, y occurrin3 amin „ 

*yn y w a taa ,o„a, group . eacfl q independen , |y desSna(es ^ * - C M 

it r t probe compfe,n9 such sub ~ is — * - — «. 

as °' Sa " myc ° bac,erta ' rDNA - T ™ A » »• 1« or 

0 o ao po , mensed ^ of ^ (|) ^ ^ ned atove P se from 

2«n. ~* are M as ,o form a sa que „oe o, w„,c h a stance « 

TZZ MrreSP ° nain9 *« ~ M — »— -* - 



15 



20 



25 



Positions 149-158 in Figure 1A, 
Positions 220-221 in Figure 1A, 
Positions 328-361 in Figure 1A and Figure 1B, 
Positions 453-455 in Figure 1B, 
5 Positions 490-501 in Figure 1 B. 
Positions 637-660 in Figure 1C, 
Positions 706-712 in Figure 1D, 
Positions 762-789 in Figure 1D, 
Position 989 in Figure 1D, 
1 0 Positions 1 068-1 072 in Figure 1 D, 
Position 1148 in Figure 1E, 
Positions 1311-1329 in Figure 1E, 
Positions 1361-1364 in Figure 1F, 
Position 1418 in Figure 1F, 
Positions 1563-1570 in Figure 1F, 
Positions 1627-1638 in Figure 1G, 
Positions 1675-1677 in Figure 1G, 
Position 1718 in Figure 1G, 
Positions 1734-1740 in Figure 1H, 
Positions 1967-1976 in Figure 1H, 
Positions 2403-2420 in Figure 1H, 
Positions 2457-2488 in Figure 11, 
Positions 2952-2956 in Figure 11, 
Positions 2966-2969 in Figure 1J, 
Positions 3000-3003 in Figure 1J or 
Positions 3097-3106 in Figure 1J, 
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V as witn a target sequence of said mycobacterial 23S rRNA. 
Suitable probes for detecting a target sequence of 16S rRNA or 

the Mycobacterium tubercu.osis Comple mo^oZT " ^ myC ° baCteria ° f 
^ 0 to 30 poiymerised moieties of foS Z ^ ^ * ^ ™«» ^ 
adjacent moieties are selected so as to f ' ^ *" Pr ° V, ' S ° that the Qs ° f 

-east one nucleobase that s co " S6qUenCe " SUbSSqUenCe at 

during from -TZ^ZTT " ' " " ™ ™ A 

domains " ^ " at — M ' ^ '-ted within the foliowing 



Positions 76-79 in Figure 2A, 
Positions 98-101 in Figure 2A, 
Positions 135-136 in Figure 2 A, 
Positions 194-201 in Figure 2B, 
5 Positions 222-229 in Figure 2B, 
Position 242 in Figure 2B, 
Position 474 in Figure 2C, 
Positions 1136-1145 in Figure 2C, 
Positions 1271-1272 in Figure 2C, 
10 Positions 1287-1292 in Figure 2D, 
Position 1313 in Figure 2D, or 
Position 1334 in Figure 2D, 
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nyonds with a target sequence of said mycobacterial 16S rRNA. 
Suitable probes for detecting a target sequence of 5S rRNA n, 

the Mycobacterium tuberculosis C mp.ex (MTC) on, " " 



25 Positions 86-90 in Figure 3 
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and further with the proviso that tho nmK« 

detectable hybrids 1 a lie PnS ' n9 * Capable ° f fo ™9 

nyDr.ds w.th a target sequence of said mycobacterial 5S rRNA. 

«s> or 16S rRNA of one or more mycobacteria of the Mycobacterium 

co mPte); (MTC) optiona „ present ,„ . ^j^; 7 

poiymen^ ™ telles of tormu|a (|) as ^ » *»" 10-0 30 

moieties are selector! <:n ac ^ * Proviso that the Qs of adjacent 

se complementary to „ „ uclMbase of M ,„„ 3 



Positions 149-158 in Figure 1A, 
Positions 328-361 in Figure 1A and Figure 1B, 
Positions 490-501 in Figure 1B, 
Positions 637-660 in Figure 1C, 
5 Positions 762-789 in Figure 1 D, 
Positions 1068-1072 in Figure 1D, 
Positions 1311-1329 in Figure 1E, 
Positions 1361-1364 in Figure 1F, 
Positions 1563-1570 in Figure 1F, 
10 Positions 1627-1638 in Figure 1G, 
Positions 1734-1740 in Figure 1H, 
Positions 2457-2488 in Figure 11, 
Positions 2952-2956 in Figure 11, 
Positions 3097-3106 in Figure 1J, 
Positions 135-136 in Figure 2 A, or 
Positions 1287-1292 in Figure 2D, 
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20 ' '""^'^'^"^^o'^idm/cobaoteraiaSSoneSrRNA. 

30 Positions 99-101 in Figure 4A. 

Position 183 in Figure 4A, 

Positions 261-271 in Figure 4A, 

Positions 281-284 in Figure 4B, 

Positions 290-293 in Figure 4B, • 
35 Positions 327-335 in Figure 4B, 

Positions 343-357 in Figure 4B, 

Positions 400-405 in Figure 4B and Figure 4C, 
Positions 453-462 in Figure 4C, 
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Positions 587-599 in Figure 4C, 
Positions 637-660 in Figure 4D, 
Positions 704-712 in Figure 4D, 
Positions 763-789 in Figure 4E, 
5 Positions 1060-1074 in Figure 4E, 
Positions 1177-1 185 in Figure 4E, 
Positions 1259-1265 in Figure 4F, 
Positions 131 1-1327 in Figure 4F, 
Positions 1345-1348 in Figure 4F, 
10 Positions 1361-1364 in Figure 4G, 
Positions 1556-1570 in Figure 4G, 
Positions 1608-1613 in Figure 4H, 
Positions 1626-1638 in Figure 4H, 
Positions 1651-1659 in Figure 4H, 
Positions 1675-1677 in Figure 4H, 
Positions 1734-1741 in Figure 4H, 
Positions 1847-1 853 in Figure 41, 
Positions 1967-1976 in Figure 41, 
Positions 2006-2010 in Figure 41, 
Positions 2025-2027 in Figure 41, 
Positions 2131-2132 in Figure 4J, 
Positions 2252-2255 in Figure 4J, 
Positions 2396-2405 in Figure 4J and Figure 4K 
Positions 2416-2420 in Figure 4K, 
Positions 2474-2478 in Figure 4K, 
Position 2687 in Figure 4K, 
Position 2719 in Figure 4K, 
Position 2809 in Figure 4L, 
Positions 3062-2068 in Figure 4L, or 
30 Positions 3097-31 06 in Figure 4L, 
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and further with the proviso that th* n m h« ^ 

Poised ^r, , * PreS8n ' ' n 3 SamP ' e «°™ » * 30 
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Positions 135-136 in Figure 5A, 
Positions 472-475 in Figure 5A, 
Positions 1136-1144 in Figure 5A, 
Positions 1287-1292 in Figure 5B,' 
Position 1313 in Figure 5B, or 
Position 1334 in Figure 5B, 



and further with the proviso that thP nr«K= „ 

Probes oomprtse , rom ,„ ,„ 30 n „, ' ° , *'° ra " y "«« ■ "m*. *** 
so rrom to to 30 polymerised moieties offofmula (II as „ 

I***, that Qs o, adjacent moieties a,a seiaotad so as ,„7 ' "" h ' he 

Positions 99-101 in Figure 4A, 
25 Positions 290-293 in Figure 4B, 

Positions 400-405 in Figure 4B and Figure 4C, 
Positions 453-462 in Figure 4C, 
Positions 637-660 in Figure 4D, 
Positions 763-789 in Figure 4E, 
50 Positions 131 1-1327 in Figure 4F, 
Positions 1361-1364 in Figure 4G, 
Positions 1734-1741 in Figure 4H, 
Positions 2025-2027 in Figured,' 
Positions 2474-2478 in Figure 4K, 
5 Positions 3062-2068 in Figure 4L, or 
Positions 1287-1292 in Figure 5B, 

a ^o„ h a r „i Mepravisolha , mepro ^ mprisingsuehsubs ^ te ^^^ 
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detectable Hybr** wlm . terget ^ ^ ^ ^ ^ ^ 

• Mycobacterium lutercutosfe oJ^^l" 7* f"* ' ™ re * of .he 

=S «NA „, one or more m *Z^Z " " " ^ " q '— ° f 23S ' ' 6S - 

«erc*sis Complex (Mom til T '""^^ °' M ^**- 

above, „itn „ pl so lh 7r«LTJ P °' >me ' iSM ^ *"™' a "» " — 
'0 sequence of „nL, a sub!.!! ^ » ss to «■"»■ 

a.ffers from the correspondino nucteobase of 23s 16S or to m . , 
one or more mycobacteria ,oca, M „,„,,„ , te ^ ^ 235 " 58 ™ A °' 

Positions 2568-2569 in Figure 6, 
15 Position 452 in Figure 7, 

Positions 473-477 in Figure 7, or 
Positions 865-866 in Figure 7, 

and further with the proviso that thP nmh Q ^ 

20 detects hybrids 1 J.^T C 7 nS,n9 SUCh SUbS6qUenCe iS Cap3b,e ° f 
wrth the target sequence of said mycobacterial 23S, 16S or 5S rRNA. 

In preferred embodiments, the peptide nucleic acid probes accordino te * ■ 

those of formula (II), m . or (IV) 9 the ' nVention are 
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(II) 



(III) 



(IV) 



13 



10 



===== rr. 




(V) 



35 



and Q,s as defined abce, and with the provisos defined above. ' 
s S I?r T° ^ Pr ° b9S ^ """^ -"^ °" e " — - * "*» of 

» ot : ,abe,s mav 6e muM " wenfcai ° r * erent -** v 
ir tere ' and whi < h — ™"» — 

For man, ap plfcati o ns , » js preferr . d , ha , ^ ^ 
nucleobase sequence of said target sequence. 

PepMe nucteic acid probes for detecting a tame, sequence o, one or mere mycobacteria o, 

AGA TGC GGG TAG CAC (selected from positions 140-168 in Figure 1A) » in 

TGT TTT CTC CTC CTA (se.ected from positions 220 - 22 1 in Figure 1 A) ° "° 1) 

ACT GCC TCT CAG CCG (selected from positions 328-361 in ^ '° "° 2) 

Figure 1A and Figure 1B) 

CGGA TT CACAGCG3A < „, M ed tap , s , fo „ s490 . 501lnF ;: , ; : 
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TCA CCA CCC TCC TCC (selected from positions 637-660 in Figure 1C). (Seq ID no 6) 
CCA CCC TCC TCC (selected from positions 637-660 in Figure 1C), (modlfled Seq ID no 6) 

TTA ACC TTG CGA CAT (selected from positions 706-712 in Figure 1C) (Seq , D no 7) 

ACT ATT CAC ACG CGC (selected from positions 762-789 in Figure 1D), (Seq ID no 8) 

CTC CGC GGT GAA CCA (selected from position 989 in Figure 1 D), (Seq , D no 9) 

GCT TTA CAC CAC GGC (selected from positions 1068-1072 in Figure 1D), (Seq ID no 10) 

ACG CTT GGG GGC CTT (selected from position 1148 in Figure 1E). (Seq | D no 11) 

CCA CAC CCA CCA CAA (selected from positions 131 1-1329 in Figure 1E). (Seq ID no 12) 

CCG GTG GCT TCG CTG (selected from positions 1361-1364 in Figure 1F), ( Se q ID no 13) 

ACT TGC CTT GTC GCT (selected from position 1418 in Figure 1 F), (Seq | D no 14) 

GAT TCG TCA CGG GCG (selected from positions 1563-1570 in Figure 1F). {Se q ID no 15) 

AAC TCC ACA CCC CCG (selected from positions 1627-1638 in Figure 1G). (Seq ID no 16) 

ACT CCA CAC CCC CGA (selected from positions 1627-1638 in Figure 1G), (Seq ID no 1 7) 

ACC CCT TCG CTT GAC (selected from positions 1675-1677 in Figure 1G). ( Se q ID no 18) 

CTT GCC CCA GTG TTA (selected from position 1718 in Figure 1G), (Se q ID no 19) 

CTC TCC CTA CCG GCT (selected from positions 1 734-1 740 in Figure 1 H). (Seq | D no 20) 

GAT ATT CCG GTC CCC (selected from positions 1967-1976 in Figure 1H), (Seq ID no 21) 

ACT CCG CCC CAA CTG (selected from positions 2403-2420 in Figure 1 H), ( Se q ID no 22) 

CTG TCC CTA AAC CCG (selected from positions 2457-2488 in Figure 11), (Seq ID no 23) 

20 TTC GAG GTT AGA TGC (selected from positions 2457-2488 in Figure 1 1), (Se q ID no 24) 

GTC CCT AAA CCC GAT (selected from positions 2457-2488 in Figure 1 1), (Se q ID no 25) 

GGT GCA CCA GAG GTT (selected from positions 2952-2956 in Figure 1 1). (Se q ID no 26) 

CTG GCG GGA CAA CTG (selected from positions 2966-2969 in Figure 1J), {S eq ID no 27) 

TTA TCC TGA CCG AAC (selected from positions 3000-3003 in Figure 1J). (Se q ID no 28) 

GAC CTA TTG AAC CCG (selected from positions 3097-3106 in Figure 1J), (Se q ID no 29) 

GAA GAG ACC TTT CCG (selected from positions 76-79 in Figure 2A), (Seq ID no 30) 

CAC TCG ACT ATC TCC (selected from positions 98-101 in Figure 2A), (Se q ID no 31) 

ATC ACC CAC GTG TTA (selected from positions 136-136 in Figure 2A), (Seq ID no 32) 

30 GCA TCC CGT GGT CCT (selected from positions 194-201 in Figure 2B), (Seq ID no 33) 

CAC AAG ACA TGC ATC (selected from positions 1 94-201 in Figure 2B), (Seq ID no 34) 

TAA AGC GCT TTC CAC (selected from positions 222-229 in Figure 2B). (Seq ID no 35) 

GCT CAT CCC ACA CCG (selected from position 242 in Figure 2B), (Seq | D no 36) 

CCG AGA GAA CCC GGA (selected from position 474 in Figure 2C), (Seq ID no 37) 

AGT CCC CAC CAT TAC (selected from positions 1 136-1 145 in Figure 2C). (Se q ID no 38) 

AAC CTC GCG GCA TCG (selected from positions 1271-1272 in Figure 2C), ( Seq ID no 39) 

GGC TTT TAA GGA TTC (selected from positions 1287-1292 in Figure 2D). (Seq ID no 40) 

GAC CCC GAT CCG AAC (selected from position 1313 in Figure 2D), (Se q ID no 41) 

CCG ACT TCA CGG GGT (selected from position 1 334 in Figure 2D), (Se q ID no 42) 

CGG AGG GGC AGT ATC (selected from positions 86-90 in Figure 3), (Se q ID no 43) 

GAT CAA TGC TCG GTT (selected from positions 99-101 in Figure 4A), ( Se q ID no 44) 
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™ OCr t, T CT (Se ' eC,ed fr0m P "« ta " in Figure 4A) 

GCC TCC °GT (se.ec.ed from positions 261 271 in p (Seq ,D "° 45 > 

3CA TOO GGT rr A Gcc {M ^ ^ (Sea. .D no 46) 

TAC CCG GTT GTC CAT (se.ected fro. ^ ^ ^ '° "° 47, 

^ A T AGAcAT(se ^ (seq,Dno48) 

343-357 in Figure 4B), 

GCC GTC CCA GGC CAC (se.ected from positions 400-405 in ^ '° "° 49) 
Figure 4B and Figure 4C), 

CTC GGG TGT TGA TAT (selected from positions 4« am ■ c- (Seq '° "° 50) 

ACG CCA TCA CCC CAC (se.ected from^sit J^^T " '° ^ 

CGA CGT GTC CCT GAC (se.ected from ositi 04 2 F ,n' ^ '° "° 53 > 

ACT ACA CCC CAA AGG (seiected from l^Z^r^ ^ '° "° ^ 

CAC GCT TTT ACA CCA (se.ected from positions 1060 no T ' ^ '° "° 55 > 

15 GCG ACT ™ ^T CCT (se,ec,ed from positi 77 5 1 ^ ^ '° ~ 56 > 

CGG CGC ATA ATC ACT (seiected from ositi 5 " ^ ^ <*" "> » 57 > 

CCA CAT CCA CCG TAA (se.ected from positions 31 T 327 f ' ^ '° "° 58 > 

CGC TGA ATG GGG GAC (se.ected from J^ZZ^T ^ ^ '° "° M > 

GGA GCT TCG CTG AAT (se.ected from ^Z^Z f ' ^ '° "° 6 °> 

! ° CGG TCA CCC GGA GCT (se,ected from positions 3ei 364 " ^ ^ ' D "° 61 > 

GGA CGC CCA TAC ACG (se.ected from positions 556 570 F ^ ^ '° "° 62) 

GM GGG GAA TGG TCG (se.ected from ositi " " ^ ^ ^ '° "° ^ 

AAT CGC CAC GCC CCC (se.ected from pJZ^Z^ ^ ^ '° "° "> 

CAG CGA AGG TCC CAC (seiected from ositio " ^ ^ '° "° 65 > 

> GTC ACC CCA TTG CTT (seiected from P sitio , 7 7 F ^ ^ ' D "° 66) 

ATC GCT CTC TAC GGG (se.ected from position \Z 174 ^ ^ "> "° "> 

^TATereciCOCTw.^^^^^^ (Se q .Dno68) 

ACG GTA TTC CGG GCC (se.ected from positions 967 Z T" ^ '° "° 69) 

AAA CAG TCG CTA CCC (se.ected from positions Z7Z ^ ^ ^ "° ^ 

CCT TAC GGG TTA ACG (seiected from positio ^ Z I*" ^ ^ '° » 

GAG ACA GTT GGG AAG (se.ected Jp^^ ^ ^ <*1 ,D no 73) 

TGG CGT CTG TGC TTC (se.ected from UZ^^ ^ » "° »> 
Figure 4J and Figure 4K), 

CGA CTC CAC ACA AAC (se.ected from positions 2416 24,0 • c - (Seq '° n ° 75) 

GAT AAG GGT TCG ACG (seiected from posi 247^ 247 " T' ^ ^ '° " 0 76) 

CAG CCC GTT ATC CCC (seiected from position 271 9 in F 

MC CTT TGG GAC CTG (seiected from position 2809 in Figure 4 L T " " "° ^ 

TAA AAG GGT GAG AAA (se.ected from positions 3062 3068 c (Seq '° " 0 8 °> 

GTC TGG CCT ATC AAT (se.ected from nn r 9UFe ^ ^ ID "° «D 

from pos,t,ons 3097-3106 in Figure 4L). (Seq ,„ no J 

AGA TTG CCC ACG TGT (se.ected from positions 13 5-136 in Figure 5A), 



(Seq ID no 82) 
(Seq ID no 83) 
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MT CCG AGA AAA CCC (selected from positions 472 475 ,„ p- 

OCA TTA CCC OCT GGC (selected from ositi 0 36 44 T ' ^ '° "° 

TTA AAA GGA TTC GCT (selected from p si« , "J™" ^ ^ '° *» 

AGA CCC CAA TCC GAA (se.ected from posit on 1313 i F ^ ^ "> 86 > 

GAC TCC GAC TTC ATG (selected from POsitioTl&M in <~> 
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(Seq ID no 88) 

GTC TTT TCG TCC TGC (selected from positions 2568 2 S fiO ■ * 

( SeqlD noa 9) 

GTC rr C TCG TCC TGC (se.ected from positions 2563 i F ' ^ '° "° 9 °> 

GTC TTG TCG TCC TGC (se.ected from positions 2568 in P 6 ^ «° " 91 > 

GTC t" TCC (Se,eC,6d fr0m — 2568 >" 

GTC TCT TCG TCC TGC (selected from positions 2568 in Figure 6) ^ " "° ^ 

GTC TGT TCG TCC TGC (selected from positions 2568 in Pi Z ' ^ '° "° 94 > 

y ' (Seq ID no 95) 

TTG GCC GGT GCT TCT ( se , ected from posi(ions ^ 

^ ^ GTAC r TCT(selectedtoposifas452i ^ (Seq,Dno 9 6) 

TTG GCC GGT CCT TCT (se.ected from positions 452 in Pi ^ '° "° ^ 

TTG GCC GGT TCT TCT (se.ected from positions 452 in Pi gu "e 7 ' ^ '° "° 98) 

ACC GCG GCT GCT GGC (seiected from positions 473 47 n P ^ '° ^ "> 

A A c c c% G c c r cTAcTGGc(se,ectedfrom -~ (seq,Dnoioo) 

ACC GCG GCT CCT GGC (se.ected from positions 473 in J I ^ '° " 0 101) 

CGG CCG G (S6,eCted fr ° m - * ^ - i 

25 Sr t GCA (Se,eC,ed fr ° m P0Si,i °- 474 in Figure ) ^ ^ 1 ° 4) 

r^A^^^^^^^C, ^0105) 

CGT ATT ACC GCA GCT (selected from positions 477 in Figure 7 ^ '° "° 1 ° 6) 
C^T^TT Apr GCC GCT ^ selected fr orn positions 477 in Figure 7) 

CGT Att ACC GCT GCT (se(e cted from positions 477 in Figure 7 ' ^ '° "° ^ 

30 TTC CtT ^ (Se,eCted fr ° m 8 ^<* i F i u e 7) ^ '° "° ^ 

m^^^^^^^^r r ,Dnoiio) 

TTC CTT TTA GTT TTA (se.ected from positions 865 in Figure 7 ' ^ '° "° 1 12) 

TTC CTT AGA GTTTTA (selected from positions 866 in Figu" 7 ' ^ '° "° 113) 

35 TTC CTT GGA GTT TTA (se.ected from positions 866 in P ' '° "° 1 15 > 

CAT GTG TCC TGT GGT 9 >' (Seq ID no 1 16) 

CGT CAG CCC GAG AAA < Se <l ID no 117) « 

CAC TAC ACA CGC TCG ( Se <l 'D no 1 18) 

TGG CGT TGA GGT TTC and ( Sec l 'D no 11 9) 

40 AAC ACT CCC TTT GGA (Seq ID no 120) 

(Seq ID no 123). 

In a preferred embodiment, such probes ar* fh™ ^ 

probes are those wherein the Qs of adjacent moieties are 
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selected so as to form the following subsequences 
TCA CCA CCC TCC TCC 

CCA CCC TCC TCC (Seq ID no 6 ) 

5 ACT ATT CAC ACG CGC (modified Seq ID no 6) 

CCA CAC CCA CCA CAA (Seq ,D no 8 > 

AAC TCC ACA CCC CCG (Seq ,D no 12 > 

ACT CCA CAC CCC CGA (Seq ID no 16) 

ACT CCG CCC CAA CTG (Seq ID no 1 7 > 

1 0 CTG TCC CTA AAC CCG (Seq ,D no 22 > 

TTC GAG GTT AGA TGC (Seq ,D no 23 > 

GTC CCT AAA CCC GAT (Seq ,D no 24 > 

GAC CTA TTG AAC CCG (Seq ,D no 25 > 

(Seq ID no 29) 

15 GCA TCC CGT GGT CCT 

CAC AAG ACA TGC ATC (Seq ,D no 33 > 

GGC TTT TAA GGA TTC (Seq ,D no 34 > 

(Seq ID no 40) 

GAT CAA TGC TCG GTT 

20 CGA CTC CAC ACA AAC (Seq ,D no 44 > 

(Seq ID no 76) 

GCA TTA CCC GCT GGC 

(Seq ID no 85) 

GTC TTA TCG TCC TGC 

25 GTC TTC TCG TCC TGC (Seq ,D no 90) 

GTC TTG TCG TCC TGC (Seq ' D no 91 > 

GTC TAT TCG TCC TGC (Seq ,D no 92) 

GTC TCT TCG TCC TGC (Seq ,D no 93 > 

GTC TGT TCG TCC TGC (Seq ,D no 94 > 

30 (Seq ID no 95) 

AAC ACT CCC TTT GGA 

(Seq ID no 123) 

CAT GTG TCC TGT GGT 

CGT CAG CCC GAG AAA (Seq ,D no 1 1 7 ) 

35 (Seq ID no 118) 

CAC TAC ACA CGC TCG, 

TGG CGT TGA GGT TTC (Seq ,D no 1 1 9) 

(Seq ID no 120) 

^ ~ e heMhi „ present lnventlon raates io peptiae nucieie acjd probes ^ 



Lys(Flu)-Lys(Flu)-TCA CCA CCC TCC TCC-NH 2 



(OK 446/modified Seq ID no 6) 
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Lys(Flu)-Lys(Flu)-CCA CCC TCC TCC-NH 2 
Lys(Flu)-Lys(Flu)-ACT ATT CAC ACG CGC-NH 2 
Lys(Flu)-ACT ATT CAC ACG CGC-NH 2 
Lys(Flu)-Lys(Flu)-CCA CAC CCA CCA CAA-NH 2 
Lys(Flu)-Lys(Flu)-AAC TCC ACA CCC CCG-NH 2 
Lys(Flu)-Lys(Flu)-ACT CCA CAC CCC CGA-NH 2 
Lys(Flu)-Lys(Flu)-ACT CCG CCC CAA CTG-NH 2 
Lys(Flu)-Lys(Flu)-CTG TCC CTA AAC CCG-NH 2 
Lys(Flu)-Lys(Flu)-TTC GAG GTT AGA TGC-NH 2 
Lys(Flu)-TTC GAG GTT AGA TGC-NH 2 
Lys(Flu)-Lys(Flu)-GTC CCT AAA CCC GAT-NH 2 
Lys(Flu)-GTC CCT AAA CCC GAT-NH 2 
Lys(Flu)-GAC CTA TTG AAC CCG-NH 2 

Lys(Flu)-Lys(Flu)-Gly-GCA TCC CGT GGT CCT-NH 2 
Lys(Flu)-Lys(Flu)-CAC AAG ACA TGC ATC-NH 2 
Lys(Flu)-CAC AAG ACA TGC ATC-NH 2 
Lys(Flu)-GGC TTT TAA GGA TTC-NH 2 
Lys(Rho)-GGC TTT TAA GGA TTC-NH 2 

Flu-P-Ala-p-Ala-GAT CAA TGC TCG GTT-NH 2 
Flu-3-Ala-p-Ala-CGA CTC CAC ACA AAC-NH 2 

Flu-p-Ala-0-Ala-GCA TTA CCC GCT GGC-NH, 



Lys(Flu)-GTC 
Lys(Rho)-GTC 
Lys(Rho)-GTC 
Lys(Rho)-GTC 
Lys(Rho)-GTC 
Lys(Rho)-GTC 
Lys(Rho)-GTC 



TTT TCG TCC TGC-NH 2 
TTA TCG TCC TGC-NH 2 
TTC TCG TCC TGC-NH 2 
TTG TCG TCC TGC-NH 2 
TAT TCG TCC TGC-NH 2 
TCT TCG TCC TGC-NH 2 
TGT TCG TCC TGC-NH 2 



Lys(Flu)-AAC ACT CCC TTT GGA-NH. 



(OK 575/modified Seq ID no 6) 
(OK 447/modified Seq ID no 8) 
(OK 688/modified Seq ID no 8) 
(OK 448/modified Seq ID no 12) 
(OK 449/modified Seq ID no 16) 
(OK 309/modified Seq ID no 17) 
(OK 450/modified Seq ID no 22) 
(OK 305/modified Seq ID no 23) 
(OK 306/modified Seq ID no 24) 
(OK 682/modified Seq ID no 24) 
(OK 307/modified Seq ID no 25) 
(OK 654/modified Seq ID no 25) 
(OK 660/modified Seq ID no 29) 

(OK 223/modified Seq ID no 33) 
(OK 310/modified Seq ID no 34) 
(OK 655/modified Seq ID no 34) 
(OK 689/modified Seq ID no 40) 
(OK 689/modified Seq ID no 40) 

(OK 624/modified Seq ID no 44) 
(OK 612/modified Seq ID no 76) 

(OK 623/modified Seq ID no 85) 

(OK 745/modified Seq ID no 89) 
(OK 746/modified Seq ID no 90) 
(OK 746/modified Seq ID no 91) 
(OK 746/modified Seq ID no 92) 
(OK 747/modified Seq ID no 93) 
(OK 747/modified Seq ID no 94) 
(OK 747/modified Seq ID no 95) 

(OK 749/modified Seq ID no 123) 



wherein Flu denotes a 5-(and 6)-carboxyfluoroescein label and Rho denotes a rhodamine 
label. 



In a further aspect, the invention relates to the use of peptide nucleic acid probes as defined 
above or a mixture thereof for detecting a target sequence of one or more mycobacteria 
optionally present in a sample. In particular, the invention relates to the use of a peptide 
nucleic acid probe or a mixture thereof for detecting a target sequence of one or more 
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mycobacteria of the Mycobacterium tubercuiosis Complex (MTC), in 

sequence of M. tu b ercu,osis, and fcrtherto the use of peptide nucleic acid probe o fixture 

of the ^obactenum tubercuiosis Compiex (MOTT), in particuiar a target seouen e 
5 more mycobacteria of the Mycobacterium avium Complex. of one or 

Theinv -.ion further reiatestoamethod for detectingatarget sequence of one or more 
mycobactena opt,onally present in a sample comprising 

(D contacting any rRNA or rDNA present in said sample with one or more peptide 
nuc e, c a , bes as defjned abQve ^ a ^ ^ J 

hybr,d lS at,on takes place between said probe(s) and said rRNA or rDNA and 
(2) observ.ng or measuring any formed detectable hybrids, and relating said 
observation or measurement to the presence of a target sequence of one or more 

mycobacteria in said sample. 

^eular the invention reiates to . ^ „ , 

mycobacteria Che Mycobaetehum tubereuiosis Cornplex ,„ ^ m 

I" °' * ,UterC ** " » * * - .a, ge , seouence Con™ 

72 T T ,han ~ ena 0,,he M ~ ium — * <Mo^ 

in M e m t,od,me nt s, the n,^,, tekes ^ of TT, 

moment a signal amplifying system is USM tor TOasu , he 2 
'""^Preferred that the sample is a sputum sample. 

Jobactena. ,„ parser a targe, seouence o, one or more mycobacteria o, the 

1" ^r™' 08 ' 5 C ° mPleX <MTC) ' Patolar a - W« - M 
^rcu,os, s a „d,or for detect e target seguence o, one or more mycobacteria other than 

ZT7 °" he Myoobacte * m ,utereulosis Compte * <MOTT) ' in -** « *^ 

sequence ofone or more mycobacteria o„he Myeobac,en U m avium Compie* (MAC) which 

compnse a, teas, one pepudenucieic acid probe as de«„ed a.™, an, opially a 
detection system with a, ,eas, one detechng reagent ,„ one embodiment thereof, the tt 
further compnses a solid phase capture system. 

BRIEF DESCRIPTION OF THE FIGURES 

Atfcnmem, of rDNA sequences o, M. tuberculosis (as a represent o, the MTC or«up> and 
.mportan, closely related species thereto, ineiuding M. avium (as a representee o <Z 
mycobacteri, «er than ft ose o, the MTC group, and important closely rented sp 
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thereto for the 23S. 16S and/or 5S rRNA genes have been made (Figures 1 A-1J 2A-2D 3 
4A-4L and 5A-B). The alignment for M. bovis and M. intracellulars are partly based on public 
ava.lable sequences and partly on sequences obtained by sequencing performed at DAKO 
A/S. 

Alignment for the MTC group (23S rDNA) 

Figures 1A-1J show alignments of 23S rDNA sequences of M. tuberculosis (GenBank entry 
GB:MTCY130, accession number Z73902), M. avium (GenBank entry GB:MA23SRNA 
accession number X74494), M. paratuberculosis (GenBank entry GB:MPARRNA, accession 
number X74495), M. phlei (GenBank entry GB:MP23SRNA, accession number X74493) M 
leprae (GenBank entry GB.ML5S23S, accession number X56657), M. gastri (GenBank entry 
GB.MG23SRRNA, accession number Z1 7211), M. kansasii (GenBank entry 
GB:MK23SRRNA, accession number Z1 72 12), and M. smegmatis (GB:MS16S23S5 
accession number Y08453). Preferred peptide nucleic acid probes should enclose at' least one 
nucleobase complementary to a nucleobase of M. tuberculosis 23S rRNA within positions 
149-158, 220-221, 328-361, 453-455, 490-501, 637-660, 706-712. 762-789, 989 1068-1072 
1148, 1311-1329, 1361-1364, 1418, 1563-1570, 1627-1638, 1675-1677, 1718 1734-1740 
1967-1976, 2403-2420, 2457-2488, 2952-2956, 2966-2969, 3000-3003, and 3097-3106 of'the 
alignment (indicated by heavy frames). Differences between the sequences of M. avium M 
Phlei, M. leprae, M. paratuberculosis, M. gastri and M. kansasii and that of M. tuberculosis in 
the alignment are indicated by light frames. 

Alignment for the MTC group (16S rDNA) 

Figures 2A-2D show alignments of 16S rDNA sequences of M. tuberculosis (GenBank entry 
GB.MTU16SRN, accession number X5291 7), M. bovis (GenBank entry GB MSGTGDA 
accession number M20940), M. avium (GenBank entry GB:MSGRRDA, accession number 
M61673), M. intracellulars (GenBank entry GB:MIN16SRN, accession number X52927) M 
paratuberculosis (GenBank entry GB:MSGRRDH, accession number M61680), M. 
scrofulaceum (GenBank entry GB:MSC16SRN, accession number X52924) M leprae 
(GenBank entry GB:MLEP16S1, accession number X55587), M. kansasii (GenBank entry 
GB:MKRRN16, accession number X15916), M. gastri (GenBank entry GB:MGA16SRN 
accession number X5291 9), M. gordonae (GenBank entry GB:MSGRR16SI, accession' 
number M29563) and M. marinum (GenBank entry GB:MMA16SRN, accession number 
X52920). Preferred peptide nucleic acid probes should enclose at least one nucleobase 
complementary to a nucleobase of M. tuberculosis 16S rRNA within positions 76-79 98-101 
135-136, 194-201, 222-229, 242, 474, 1136-1145. 1271-1272, 1287-1292, 1313, and 1334 of 
the al.gnment (indicated by heavy frames). Differences between the sequences of M bovis M 
avmrn. M. intracellulars, M. paratuberculosis, M. scrofulaceum, M. leprae, M. kansasii M 
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gastri, M. gordonae and M. marinum, and that of M. tuberculosis in the alignment are indicated 
by light frames. 

Alignment for the MTC group (5S rDNA) 
5 Figure 3 shows alignments of 5S rDNA sequences of M. tuberculosis (GenBank entry 
GB:MTDNA16S, accession number x75601), M. bovis (GenBank entry GB:MBRRN5S, 
accession number X05526), M. phlei (GenBank entry GB:MP5SRRNA, accession number 
X55259), M. leprae (GenBank entry GB:ML5S23S, accession number X56657), and M. 
smegmatis (GenBank entry GB:MS16S23S5, accession number Y08453). Preferred peptide 
10 nucleic acid probes should enclose at least one nucleobase complementary to a nucleobase 
of M. tuberculosis 5S rRNA within positions 86-90 of the alignment (indicated by heavy frame). 
Differences between the sequences of M. bovis, M. phlei, M. leprae, M. smegmatis and M. 
luteus and that of M. tuberculosis in the alignment are indicated by light frames. 

1 5 Alignment for Mycobacteria other than those of the MTC group (23S rDNA) 

Figures 4A-4L show alignments of 23S rDNA sequences of M. avium (GenBank entry 
GB:MA23SRNA, accession number X74494), M. paratubercuiosis (GenBank entry 
GB.MPARRNA, accession number X74495), M. tuberculosis (GenBank entry GB:MTCY130, 
accession number Z73902), M. phlei (GenBank entry GB:MP23SRNA, accession number 

20 X74493), M. leprae (GenBank entry GB:ML5S23S, accession number X56657), M. gastri 

(GenBank entry GB:MG23SRRNA, accession number Z17211), M. kansasii (GenBank entry 
GB:MK23SRRNA, accession number Z17212), and M. smegmatis (GB:MS16S23S5, 
accession number Y08453). Preferred peptide nucleic acid probes should enclose at least one 
nucleobase complementary to a nucleobase of M. avium 23S rRNA within positions 99-101, 

25 183, 261-271 , 281-284, 290-293, 327-335, 343-357, 400-405, 453-462, 587-599, 637-660, 
704-712, 763-789, 1060-1074, 1177-1185, 1259-1265, 1311-1327, 1345-1348, 1361-1364, 
1556-1570, 1608-1613, 1626-1638, 1651-1659, 1675-1677, 1734-1741, 1847-1853, 1967- 
1976, 2006-2010, 2025-2027, 2131-2232, 2252-2255, 2396-2405, 2416-2420, 2474-2478, 
2687, 2719, 2809, 3062-3068, and 3097-3106 of the alignment (indicated by heavy frames). 

30 Differences between the sequences of M. paratubercuiosis, M. tuberculosis, M. phlei, M. 
leprae, M. gastri, M. kansasii, and M. smegmatis and that of M. avium in the alignment are 
indicated by light frames. 

Alignment for Mycobacteria other than those of the MTC group (16S rDNA) 
35 Figures 5A-5B show alignments of 16S rDNA sequences of M. avium (GenBank entry 
GB:MSGRRDA, accession number M61673), M. intracellulare (GenBank entry 
GB:MIN16SRN, accession number X52927),M. paratubercuiosis (GenBank entry 
GB:MSGRRDH, accession number M61680), M. scrofulaceum (GenBank entry GB: 
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MSC16 SRNi accession number X52924), M. tubercu.osis (GenBank entry GBMTU16SRN 
access,on number X5291 7), M. bovis (GenBank entry GBMSGTrnA ^ MTU16SRN ' 
M20940), M . leprae (GenBank entry GB MLEP16S acc a<=CeSSI ° n 
(SenBank entry GB:MKRR N16 , JLJ^Z X ^"f^' " ^ 
■ ~R, access, number X52919) . M. S^^^^SI 
acces SI on number M29563), and M. marinum (GenBank entry GB MMAie^N access 

frames) Diffel h ! ' " ™ (indicated * ^vy 

frame ). D.fferences between the sequences of M. intracel.ulare, M. paratuberculosis M 
scrofulaceum, M. tuberculosis, M. bovis M leprae M k a n„ •■ L ' ^- 

^vio, m. leprae, m. kansasu, and M aastri anH fh=,f ~* am 
av-um ,n the alignment are indicated by light frames. ' * * 

Figure 6 shows a partial M avium rnMA ~ 

^ 0 S rDNA se( 1 ue nce including positions 2550 to nf 

~ x 7W4 . Bases ,„ poslfcns wh . re d6uiafons J£ZZZ? 

ave *een co„ e ,a, M * m acr«e-res iS ,a„ce are ^ posfons 2 J^™ 
« 3 ure eorrespo™, ,„ posiBons 2058 ana 2059 respM|ve|y of E ^ - «- 

Figure 7 shows a partial M. tuberculosis ifi<? r nwA 

and 843 to 883 of GenBank entry X52917 R ' 9 P ° Siti ° nS 441 * 491 

type sequence have I 7 ^ P ° Siti ° nS ^ deViat, '° nS from th * wild- 

452 473 * With feSiStanCe ,0 Strept0myCi " are fra ™* ^itions 

gj^' q 865, and 866 in the figure correspond to positions 501 522 523 526 

912, and 913, respectively, of E.coli 16S rRNA. ' 



SPECIFIC DESCRIPTION 



Mycobacteria are characterised by a complex ce„ wa„ which contains myolic acids comote, 

======== z~ 

****** spaces are d e 5 c*e 0 ,„ US 5 532 « However, these p ro ,oco,s ^, re 
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dewaxing of the mycobacterial cell wall with xylene and further enzymatic treatment prior to 
the hybridisation step in order to make the mycobacterial cell wall permeable to the DNA 
probes. 

The problems set forth above have surprisingly been completely solved by the use of peptide 
nuc.e,c acid probes. It has, surprisingly, been found that the peptide nucleic acid probes are 
able to penetrate the cell wall of the mycobacteria, and furthermore that this is taking place 
rap ld ly. The person skilled in the art would arrive at the conviction that it would be necessary 
to heavily treat the mycobacteria before hybridisation is carried out. Thus, based on the 
available prior art, there is a strong prejudice against carrying out hybridisation without prior 
destruction of the mycobacterial cell wall. The inventors have shown that this is indeed and 
unexpectedly possible. It has been demonstrated that the probes of the present invention are 
able to hybridise to mycobacterial precursor rRNA and rRNA without harsh treatment of the 
mycobacterial cells, thus avoiding a risk of interfering with the morphology of the cells. Using 
the present probes, specific and easy detection and, subsequently, diagnosis of tuberculosis 
and other mycobacterial infections are thus possible. 

The present invention provides novel probes for use in rapid and specific, sensitive 
hybridisation based assays for detecting a target sequence of one or more mycobacteria 
which target sequence is located in the mycobacterial rDNA, precursor rRNA, or in the 23S 
16S or 5S rRNA. The probes to be used in accordance with the present invention are peptide 
nucleic acid probes. Peptide nucleic acids are non-naturally occurring polyamides or 
polythioamides which can bind to nucleic acids (DNA and RNA). Such compounds are 
described in e.g. WO 92/20702. 

We have identified suitable variable regions of the target nucleic acid by comparative analysis 
of generally available rDNA sequences and sequences obtained by sequencing as described 
above. Computers and computer programs, which have been used for the purposes disclosed 
herein, are commercially available. From such alignments, possibly suitable probes can be 
identified. The alignments are thus a useful guideline for designing probes with desired 
characteristics. 

When designing the probes, due regard should be taken to the assay conditions under which 
the probes are to be used. Stringency is chosen so as to maximise the difference in stability 
between the hybrid formed with the target nucleic acid and that formed with the non-target 
nucleic acid. It will typically be necessary to choose high stringency conditions for probes 
where the specificity depends on only one mismatch to non-target sequences. The more 
mismatches to non-target sequences, the less demand for high stringency conditions. 
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9 must be pa,d to the concerns under which the probes are to be used 

s indicated as H, and a free C-terminel end is indicated as NH* (a 
ca*o*a ml de group) . Pe PM e „ U c telc KMs are cepacia c, n ybri dis,na to nucieic a^ M 
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Piexes are not as stable as the duplexes having antiparallel strands Trin,^ 

a«r::r: ~^;r nd ,s ~ a — — ~ 

rn h«« -j- C per base P air at 100 mM Nad 

'0 d e pend ing on the sequence (Egholm et a,. (1993), Nature, 365, 566-568). 

1 M NaC At low ,on IC strength (e.g. 10 mM phosphate buffer with no sa,t added) 
inaccessibri r , ^ FUrtherm ° re ' tar9et Sit6S that ™™»* are 

— — , step or use o, des b bi»si„ g probes may M te ^ ^ 
prlri~" al " PTOPer '" MOn 0,016 *° SOmeS a " d ,h " s - 

™ by space, re^ns i„ ^ tRNA oenes mav he fo „„ a , ^ever leL a e „o„e ,„ 
sequences. The prima,, RNase ,„ cle8vage „ a 

«»n even s,ro„ g , y expressed mRNA species. Thus, for certain apportions precursor rRNA 

probe should he directed a 9 ai„ sl se o„ en ces oo mprlslng a , |eas , ge ' 
seouences. A te r g e, prohe m a y ^ be direct a g a,„s, seoules o ,JZ of 
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the leader/tail and mature rRNA sequences 



are constituents. 
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Usual*, pa,ie„ ts having c„„, rac ,ed , medicaments 
un no mycobacten. can be found ,„ lhe spu(um . Except for „j£HL. 

ac ua», necessa,,. A way „, fining the progress of ^ n ^ 
too. ,n the figh, of tuberculosis and other mycobactenal diseases. 

.^zCdT^^ 

s a s„, B b,e and «™ct measure of yiablllty of fhe bacteria. Furthermore, precursor rRNA mav 
be used for identic o, anti^lc drugs which reduce or Inhibit rRNA t^nscnpbon Onl 

uch example is n,amp,cln. a transcript, Inhibitor »,„ in suscepCb|e ^ ^ 
* thesis o, rRNA and thus »e poo, o, precursor rRNA - be depleted. Howeyer ,n r 1 Z 
=*. primary transcripts as „e„ as precursor rRNAs wil, continue ,o be produced. 

rRNA .. w„, readily be understood tba, pep 1M e nucieic acid probes complementary to rRNA 

by <h. present ,n,en„on. Although it is preferred to choose fhe sequence ofthe probe so as to 
en.b te *e probe to hybridise ,„ its targe, sequence in an,ipara, te , option, it is to e 

the L r " hVt,ri< " S ' n9 <""° M - b » — «- from 

the same information. The present inyention is intended to coyer bom types ofprobes. 

in the broadest aspect, the present Inyenttan reiates to peptide nucieic acid probes for 

sat^,^b ,a^9a, Se,UenC8 " - • « -** 

sa«, probe be,„g capabie o, hybridising to a target sequence of mycobacteria, rDNA 

precursor rRNA or rRNA. 
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(a) comparing , h e „ ucl eobase sequences o, said mycobacteria, rRNA or rDNA of one or more 
mycobacteda to be detected „,, the corresponding nucleobase sequence oforgan,™ 
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particular other mycobacteria, in particular other mycobacteria, from which said one or more 
mycobacteria are to be distinguished, 

(b) selecting a target sequence of said rRNA or rDNA which includes at least one nucleobase 
differing from the corresponding nucleobase of the organism(s), in particular other 
mycobacteria, from which said one or more mycobacteria are to be distinguished, and 

(c) determining the capability of said probe to hybridise to the selected target sequence to 
form detectable hybrids. 

Peptide nucleic acid probes are obtainable by 

(a) comparing the nucleobase sequences of said mycobacterial rRNA or rDNA of one or more 
mycobacteria to be detected with the corresponding nucleobase sequence of organism(s), in 
particular other mycobacteria, in particular other mycobacteria, from which said one or more 
mycobacteria are to be distinguished, 

(b) selecting a target sequence of said rRNA or rDNA which includes at least one nucleobase 
differing from the corresponding nucleobase of the organism(s), in particular other 
mycobacteria, from which said one or more mycobacteria are to be distinguished, 

(c) synthesising said probe, and 

(4) determining the capability of said probe to hybridise to the selected target sequence to 
form detectable hybrids. 

The probes are in particular suitable for detecting a target sequence of one or more 
mycobacteria of the Mycobacterium tuberculosis Complex (MTC) or for detecting a target 
sequence of one or more mycobacteria other than mycobacteria of the Mycobacterium 
tuberculosis Complex (MOTT) optionally present in a sample, which probe comprises from 6 
to 30 polymerised peptide nucleic acid moieties, said probe being capable of hybridising to a 
target sequence of mycobacterial rDNA, precursor rRNA or 23S, 16S or 5S rRNA forming 
detectable hybrids. Such probes may comprise peptide nucleic acid moieties of formula (I) 



wherein each X and Y independently designate O or S, 

each Z independently designates O, S, NR 1 , or C(R 1 ) 2 , wherein each R 1 independently 
designate H, C^ alkyl, C^ alkenyl, C^ alkynyl, 

each R 2 , R 3 and R 4 designate independently H, the side chain of a naturally occurring amino 



Q 




(I) 
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acid, l hesid e( * ai „ofanon. ralura | lyoccum . m , no 

5 

y espec,a,| y M - avium. Comparison between 23S trma *~ 
2569 respect a, « * ,94) ' ^ ~ TCS P<™<nS bases are h position 2568 and 

913 in E. coli 16S rRNIA «,hi^h ' ' 523 ' 526 ' 912 and 

01 Wh,ch ^respond to bases with numbers 452, 473 474 477 865 an H 

866, respectively, of M. tuberculosis 16S rRNA (GenBank amo ■ 

. rxiNM ^enttank accession number x^9ch-7\ ^ 

rRNA gone. "* " " ™ S * ea » an « ™»k>« .he e „» re ,6S 
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M tatrons ,n an 8, bp region of the gene (rpoB, encoding the beta subunitofRNA polymery 
re the cause o,96% of the oases ofnfampicin n ^ BM „ M ° 
rRNA precursor molecules have terminal domains (tails, „„ fcn are removed during , 
. ^cursor rRNA processing to yield lhe mature rRNA „„,ec„,es. Transenpaonan^T 
such as rifampin oan deplete precursor rRNA ,n sen 5i ,,ve ce„s by inhibiting de novo 
precursor rRNA synthesis „hi,e aiiowing maturation ,o proceed. Thus, precursor rRNA is 
depleted ,„ susceptible mycobacterium oelis while » remains produced in resistant 
^ mycobactehum cells when me celis are exposed to nfampicln during eultuhng. 

h Mycobactenum , u bercu,os, s Complex are def,„ed above. Peptide nucleic acid probes I 

M r, 7 m ' UberC "' 0Ste C ° mP ' eX " ab °» Pe *° «-* « P— *r 

de,ec,,„g . target seguence Cone or more drug resistant mycobacteria oftne Mycobacterium 

of the Mycobacterium tuberculosis Complex are defined above. 

in the present context and the claims, the term -naturaliy occurring nucleobases- include, the 
20 fo r main DNA bases „.e. thymine (T) . cytosine ,C,. adenine ,A, and guanine ( G>, as „el, ^ 
ether naturally occurring nucleobases (e.g. uraci„u, and hypcxanthlne). 

The term "„on-na,ura,,y occurnng nucleases- comprises i.e. mod,«ed naturally occurring 
uceobase, Such non-naturally occurring nucleobases may be mod,«ed by substitution t, 
e g. one or more C,„ alky,, c, , alkeny, or C, , alkyny, groups or labels. Examptes o, non- 
naturally occurring nucleobases are purine, 2,6-diamino purine, S-propynylcytosine (C 

~ *::r ne <iso - c) ' *«-**»^ <** ^ w 

36, No ,2. 2033-2036 (,905, or Tetrahedron Le«ers Vo, 36, No 2,, 360,-3604 ,,996), 7 
30 TTT ™ eS2a9Uan '" e ' ^ethano-^-diaminopurine. 6 -,c, s j- 

30 afeny,urao,,.5-(C„ 1 -a,kyn yte y,„sl„e, 5 . f ,uorouracilandps=udocy.osine. 

Examples of useful intercalate are e.g. acridin, antraguinone, psoralen and pyrene. 

Examples of useful nudeobase-binding groups are e.g. groups containing cyclic or 
35 heterocyclic rings. Non-limlting exampies are 3-ni,ro pyrrole and 5-ni„o indole. 

i* o^rT r aik>i ' a,kenyi and a,kynyi 9roups ™* * ^ - ■»*-*-. 

cyce or non-cyec. and may further be interrupted by one o, more heteroatoms, o, may be 
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unsubtituted or substituted by or may contain one or more functiona. groups. Non-limiting 
exampies of such functional groups are acetyl groups, acy. groups, amino groups, carbamido 
groups, carbamoyl groups, carbamyl groups, carbonyl groups, carboxy groups, cyano groups 
d-trno groups, formyl groups, guanidino groups, halogens, hydrazine groups, hydrazo groups ' 
. hydroxamino groups, hydroxy groups, keto groups, mercapto groups, nitro groups, phospho ' 
groups, phosphono groups, phospho ester groups, sulfo groups, thiocyanato groups, cyclic 
aromatic and heterocyclic groups. 

C„ groups contain from 1 to 4 carbon atoms, C„ groups contain from 1 to 6 carbon atoms 
and C, 15 groups contain from 1 to 15 carbon atoms, not including optional substituents 
heteroatoms and/or functional groups. Non-limiting examples of such groups are -CH 3 ' -CF 
-CH 2 , -CH 2 CH 3 . -CH 2 CH 2 -, -CH(CH 3 ) 2 , -OCH 3 . -OCH 2 , -OCH 2 CH 3 . -OCH 2 CH 2 , -OCH(CH 3 )' 
-OC(0)CH 3 , -OC(0)CH 2 -, -C(0)H, -C(O)-, -C(0)CH 3 , -C(0)OH. -C(0)0-, -CH 2 NH 2 . -CH 2 NH- ' 
-CH 2 OCH 3 , -CH 2 OCH 2 -, -CH 2 OC(0)OH, -CH 2 OC(0)0-, -CH 2 C(0)CH 3 , -CH 2 C(0)CH 2 - 
-C(0)NH 2 , -CH=CH 2 , -CH=CH, -CH=CHCH 2 C(0)OH. -CH=CHCH 2 C(0)0-. -CCH -C=C- 
-CH 2 C^CH, -CH 2 C^C-. -CH 2 C.CCH 3 . -OCH 2 C=CH. -OCH 2 CC-, -OCH 2 C^CCH 3 
-NHCH 2 C(0)-, -NHCH 2 CH 2 C(0)-. -NH(CH 2 CH 2 0) 2 CH 2 C(0)-, and HO(0)CCH 2 C(0)(NH- 
(CH 2 CH 2 0) 2 CH 2 C(O)) 2 -, phenyl, benzyl, naphthyl, oxazolyl, pyridinyl, thiadiazolyl. triazolyl 
and thienyl. 

Within the present context, the expression "naturally occurring amino acid" is intended to 
compnse D- and L-forms of amino acids commonly found in nature, e.g. D- and L-forms of Ala 
(alanine), Arg (arginine), Asn (aspargine), Asp (aspartic acid), Cys (cysteine), Gin (glutamine) 
Glu (glutamic acid), His (histidine). lie (isoleucine), Leu (leucine), Lys (lysine) Met 
(methionine), Phe (phenylalanine), Pro (proline), Ser (serine), Thr (threonine), Trp 
(tryptophan), Tyr (tyrosine) and Val (valine). 

In the present context, the expression «non-naturally occurring amino acid" is intended to 
compnse D- and L-forms of amino acids other than those commonly found in nature as well as 
mo dl fied naturally occurring amino acids. Examples of useful non-naturally occurring amino 
acds are D- and L-forms of p-Ala (p-alanine) Cha (cyclohexylalanine). Cit (citrulline) Hci 
(homocitrulline), HomoCys (homocystein), Hse (homoserine), Nle (norleucine), Nva 
(norvaline), Orn (ornithine), Sar (sarcosine) and Thi (thienylalanine). 

In the present context, the term "sample" is intended to cover all types of samples suitable for 
the purpose of the invention. Examples of such samples are sputum, laryngeal swabs, gastric 
lavage, bronchial washings, biopsies, aspirates, expectorates, body fluids (spinal pleural 
pencardial, synovial, blood, pus, bone marrow), urine, tissue sections as well as food samples 
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The Peptide nuclete add probes m ay comprise moratfes. wnerein .„ x 

P™bes m ay a , so comprise mixM TO|efes (comprjs(ng ^ amwe ^ a ^ J*. 

(III) and (IV) as well as mature, of such probes defined above. 

in a preferred embodiment, ,„e peptide „„o,e te acid probes or natures .hereof aocord,„ g ,o 

rC R " mU ' aS " **- ~» «* Z ^™,NCH s orOeachR° 

R and R ,„depe„de„„ y being H or ,he s,de chain „ . „a,u r a,, y occurrlng acid Re side 

Cham „, a non-oaturaliy occurHng amino acid, or C M alRyi, and each Q b i„ g a a JreC 

o-urring nucieobase or a non-naturaify oecurhng nucieobase * the proyL^ 
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preferab, y those o, formula „ w as def.ned a b„ ve rtth 2 being NH or O, and R* being H or 
be s,de oha,n o,A te . Asp, c y s. Glu, Hte , HomoCys. |. >S . 0 m, Ser or Th, and Q be nT 
nucieobase eelecfed from thymine, adenine, c y ,os,ne. guanine, uracil, ,sc-c and 2 
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diaminopurine with the provisos defined above. 



5 



Peptide nucleic acid probes or mixtures thereof, which are of major interest for det^f 
provisos indicated above ' ° ' S 38 *" ned ab ° Ve and with *e 
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The peptide nucleic acid probe comprises pdymerised moieties as defined above and in tn 
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forrr, u l a ,v„ 7 / ' ° P " 0na " y °" e ° r lwo te'««ing moieties of 

ton™ia (VI, a s dad ned above. The preferred lenglh o„„ e probe *ill depend on »,. . , 

and .b^r iabeiied probe, a, USM . „ „ 
probes comprise from ,0 to 30 po, y men S ed mofefiesof fo,™,as („ ,„ , V) a „d 
o*na„ y one or to o terming mo,e,,e S of fo™ ula (v „ as deSn l JJ^T 
.nven„„„ may sute b, C o m p„ se ,„ 12 ,„ 25 ^ 6 °< "» 

r;:r:r a m 1 ■ - 22 ~- °~ <■> - «zt 

^° Polymerised moieties of formulas m tn (\/\ an * • ^ 
terminating moieties of formuia J) ' ° Pti ° na,ly °" * ^ 

As mentioned above, the poiymerised moieties of the probes may be mutua.iy different or 
d ent,c,. ,n some embodiments, the poiymerised moieties of formuias (V) co sti^a , e st 
75o/o by w ei ght (ca,cu,ated by exciuding iabeis and linkers), preferably at least SO^w L 
andmostpreferab,yat le ast90o/ 0 bywei g htoftheprobe b,y at least 80 we.ght 
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among c alky, r. «, " nterS Such l,nker8 ^suiteMy te setected 

err™ r - - »~ 

m,, .he ,em, a w „ intendM t0 one w ^ |abe|s . linke ^7 

~mp„ s . one „ ^ «ers. Porcelain ap pfc a„„„ s . , ta adv8Mageous * 'J 
more takers „ ,„corpo rat ed baleen ,„e pep, M e nude, a« ^ L h app caTon 
may ,n parteular be .hose based on .npte* (bmatton. * ™ 

M no 1 " 3 * " nterS ^ ■ NH(CH ^°W=H«0), .NH(C H OH,„C(0> 
HO(0)C^H^CH^CfC» nd " NH ' CH2 '" C ^"' NH ^ CH 2 CH 2°) n CH 2 C(0)-" NH 2 (CHOH) n C(0)- 

... 

HO(0)CCH 2 CH 2 C(0)(NH(CH 2 CH 2 0) 2 CH 2 C(0)) 2 -. 

•n the present context, the term ,abe.» refers to a substituent which is use fu, for detection or 
=<u-a y « 9 amino adds. mo s, p re ,erah, fr om , ,o 4 „a,„ ra „y JL, 0 T„ 

rrr ro acMs ' ,inked - - ■ ' 

( W , fe sh,o. Such pep tM e te be, may he composed o,amlno ao,ds »hich a™ ™J 
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.dentical or different. In a preferred embodiment, such a non-branched or branched end 
comprises one or more, preferably from 1 to 8 labels, more preferably from 1 to 4 most 
preferably 1 or 2, further labels other than a peptide label. Such further labels may suitably 
termmate a non-branched end or a branched end. One or more linkers may suitably be 
attached to the terminating end before a peptide label and/or a further label is attached Such 
l-nker units may also be attached between a peptide label and a further label. Furthermore 
such peptide labels may be incorporated between the peptide nucleic acid moieties. 

The probe as such may also comprise one or more labels such as from 1 to 8, preferably from 
1 to 4, most preferably 1 or 2, labels and/or one or more linker units, which may be attached 
-nternally, i.e. to the backbone of the probe. The linker units and labels may mutually be 

attached as described above. 

Examples of particular interesting labels are biotin. fluorescein labels, e.g. 5-(and 6)-carboxy- 
fluorescein. 5- or 6-carboxyfluorescein, 6-(fluor eS cein)-5-(and 6)-carboxamido hexanoic acid 
and fluorescein isothiocyanate, peptide labels consisting of from 1 to 20 naturally occurring 
am.no acids or non-naturally occurring amino acids, enzyme labels such as peroxidases like 
horse radish peroxidase (HRP), alkaline phosphatase, and soya bean peroxidase, dinitro 
benzo.c acid, rhodamine, tetramethylrhodamine, cyanine dyes such as Cy2, Cy3 and Cy5 
coumarin, R-phycoerythrin (RPE), allophycoerythrin, Texas Red, Princeton Red, and Oregon 
Green as well as conjugates of R-phycoerythrin and, e.g. Cy5 or Texas Red. 

Examples of preferred labels are biotin, fluorescent labels, peptide label., enzyme labels and 
dimtro benzoic acid. Peptide labels may preferably be composed of from 1 to 10 more 
preferably of from 1 to 8, most preferably of from 1 to 4, naturally occurring or non-naturally 
occurnng amino acids. It may be particularly advantageous to incorporate one or more other 
labels as well as a peptide label such as from 1 to 8 or from 1 to 4 other labels, preferably 1 or 
2 other labels. 



Suitable peptide labels may preferably be composed of cysteine, glycine, lysine 



or ornithine. 



In a further embodiment, the Q substituent as defined above may be labelled. Suitable labels 
are as defined above. Between Q and such a label, a linker as defined above may be 
incorporated. It is preferred that such labelled ligands Q are selected from thymine and uracil 
labelled in the 5-position and 7-deazaguanine and 7-deazaadenine labelled in the 7-position. 

A mixture of peptide nucleic acid probes is also part of the present invention. Such mixture 
may comprise more than one probe capable of hybridising to 23S rRNA. and/or more than one 
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probe c apab|e Qf hybrjdisjng tQ 1 6S rRNA and/Qr ^ more thgn 

hybnd.s.ng to 5S rRNA. A mixture of probes may further comprise probe(s) directed to 
precursor rRNA and/or rDNA. The mixture may a,so comprise peptide nucieic acids for 
detectmg more than one mycobacteria in the same assay 

5 

-n a preferred embodiment, the nuCeobase sequence of the peptide nucleic acid probe is 
seiected so as to be substantia,* compiementary to the nuCeobase sequence of the target 
sequence ,n question, .n an especia.iy preferred embodiment, the nuCeobase sequence of the 

» of the target sequence in question. By Complementary" is meant that the nucieobases are 
selected so as to enable perfect match between the nucieobases of the probe and the 

T etr °? he ^ A t0 T " G t0 ^ SUbStantia " y C -P— ntary is meant that 
the pe t,de nuc,e,c acd probe is ca P ab,e of hybridising to the target sequence, however the 
probe does not necessarily have to be perfectly complementary to the targe, For example 
- Probes comprising one or more bases not compiementary to the target sequence and non-' 
^ge sequences, especia.ly base(s) .ocated at the end of the probe, where the effect on the 

ab,ty of probe-target nuCeic acid hybrids is iow. Another exampie is probes comprising 
other naturally occurring base, Thus provided that the probe is capable of hybridising to the 
targe, sequence, the nuCeobase difference(s) between target sequences and non-target 

TeZZ 77 ^ ^ Stabimy ° f Pr ° be - n0n -^et nucleic acid hybrids are ,ower than 
the stab.i.ty of probe-target nucleic acid hybrids and therefore make such substantia,* 
complementary probes applicable for detection of mycobacteria. 

The probes may be synthesised according to the procedures described in "PNA Information 

TeTJ T* fr ° m Mi " iPOre C ° rPOrati0n (B6df0rd ' MA ' USA) ' ° r ™* be ^nthesised on 
an Exped,te NuCeic Acid Synthesis System (PerSeptive BioSystems, USA). 

If using the Fmoc strategy for e.ongation of the probe with .inkers or amino acids, it is possibie 

T IT amin ° 9r ° UPS Pr0teCted aCid SenSit ' Ve Pr0tecti0n «*h as the 

Boc or Mtt group. This method a„ows introduction of a ,inker containing severa, Boc protected 
am.no groups which can a„ be Ceaved and ,abe„ed in the same synthesis cycle. 

One way of label.ing a probe is to use a fluorescent label, such as 5-(and 6)-carboxyfluore- 
sce-n, 5- or 6-carboxyfluorescein, or 6-( fl uorescein)-5-(and 6)-carboxamido hexanoic acid The 
acd group is activated with HATU (O^-azabenzotriazo.-l-yO-^.a.a-tetramethyluronium 
hexafluorophosphate) or HBTU (2-(1H-benzotria Z o.-1-y, ) -i, 1 , 3 ,3-tetramethy,uronium 
hexafluorophosphate) and reacted with the N-termina, amino group of the peptide nuCeic acid 
The same technique can be app.ied to other labelling groups containing an acid function 
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atom bombardnj (FAB-MS). ^ """^ ^ " *» 

may also be prepared as described in, e.g. , Angewandte Cberoie International EdL 
(,« Cte "" Sa '^™^^a re deser i bedin.e. 9 .. Natur e, 3e 5 , LZ» 
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m obaetena opt,on a „y present in a samp,e. The method and tbe probes provide . va , uable 

20 r n9samptes,or,hep ™^ 

20 information for establishing a diagnosis. 

In the assay method according to th. invention, the sample to be analysed to, the presence * 
mycoacten,,s brought into contact w„h one ormore probes o, a mi**. of such prTs 
aocord,n g to tne Invent under conditions by **, h ybrid, sati o„ between the pro t nd 
» any sample rRNA or rDNA originatino rnom rrrycobacteria can occ u , and the I 
any are observed or measured, and the observe o, measurement , s rented to 1 
presence o,a target seouence Cone o, more mvcobacteda. Tbe observation or 
measurement may be accomplished visuelly or by means „, instrumentation. 

lT:Z! mh ""*■ * ^ ->*- «W undergo vadous 

*pe o, s»np,e processing whicb inciude pudfcatlon. decontaminahdn and,or concentration 
The sample may sui^ be decontaminated by treatment with sodium bypocniodte and 
ubse qu e„t, censed fo rconce„tra„„ otthe mvcobacteda. Samplese g. 

z£ ,rea : ed w,,h a ^ ^ -* - l: , h6 

v sec ..y of the sample as we,, as be treated with sodium hydroxide which decontaminates the 

mp,.. and subseouen.y centred. Other we,,- k „own decontamination and concent 
« include the Zephiran-tdsodium phosphate method, Petrol sodium hydroJe 
method, the oxa„c ac,d method as we,, as the cetyipyddinium chtoride-sodium chlodde 
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method. Samples may also be purified and concentrated by applying sample preparation 
methods such as filtration, immunocapture, two-phase separation either alone or in 
combination. The sample preparation methods may also be used together with the 
centrifugation and decontamination methods mentioned above. 

Samples may, either directly or after having undergone one or more processing steps, be 
analysed in primarily two major types of assays, in situ-based assays and in vitro-based 
assays. In this context, in situ-based assays are to be understood as assays, in which the 
target nucleic acids remain within the bacterial cell during the hybridisation process. Examples 
are in situ hybridisation (ISH) assays on smears and biopsies as well as hybridisation to whole 
cells which may be in suspension and which subsequently may be analysed by e.g. flow 
cytometry optionally after capture of the bacteria onto particles (with same or different type 
and size), or by image analysis after spreading of the bacteria onto a solid medium, filter 
membrane or another substantially planar surface. 

In vitro-based assays are to be understood as assays, in which the target nucleic acids are 
released from the bacterial cell before hybridisation. Examples of such assays are microliter 
plate-based assays. Many other assay types, in which the released target nucleic acids by 
some means are captured onto a solid phase and subsequently analysed via a detector 
probe, are feasible and within the scope of the present invention. Even further, in vitro-based 
assays include assays, in which the target nucleic acids are not captured onto a solid phase, 
but in which the hybridisation and signal generation take place entirely in solution. 

Samples for in situ-based assays may suitably be applied and optionally be immobilised to a 
support. Techniques for applying of a sample onto a solid support depend on the type of 
sample in question and include smearing and cytocentrifugation for liquid or liquified samples 
and sectioning of tissues for biopsy materials. The solid support may take a wide variety of 
forms well-known in the art, such as a microscope slide, a filter membrane, a polymer 
membrane or a plate of various materials. 

In the case of in vitro-based assays, the target nucleic acid may be released from the 
mycobacterial cells in various ways. Most methods for releasing the nucleic acids cause 
bursting of the cell wall (lysis) followed by extraction of the nucleic acids into a buffered 
solution. As mycobacteria have complex cell walls containing covalently associated 
peptidoglycans, arabinogalactans and in particular mycolic acids, they cannot easily be 
disrupted by standard methods used for the rapid lysis of other bacteria. Possible methods 
which are known to give successful lysis of the mycobacterial cell wall include methods which 
involve treatment with organic solvents, treatment with strong chaotropic reagents such as 
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high concentrations of guanidine thiocyanate, enzyme treatment, bead beating heat 
treatment, sonication and/or application of a French press. 

5 slTt ana ' ySed ^ SitU ^ ^ Pri ° r t0 ^"""on- person 

sZt'; ; " readi ' y reC09niSe that aPPr0Priate Pr0 — d — - -e ^pe o f 
sam P ,e to be exam.ned. Fixation and/or immobi.isation shouid preferabiy preserve the 

0 heT PaSSm9 S "' de thr ° U9h b ' Ue — ° f 3 BunSen b ™ 3 or 4 times 

0 ea fixat.cn may be accomplished by heating the sample to ao-C for 2 hours; chemica, 
fixation may be accomplished by immersion of the sample in a fixative (e.g. formamide 

usually carried out in liquid nitrogen. 

substanMy piana, soiid sllppo „ which may be a microscope s „de, a fiiter membrane . 
polymer membrane „ ^ ^ 0( ^ ^ ^ ^ 
support ,s a mfcroscope ABer ^ smear has Been J ««- 

r:;::"::::: lite r mem * ~- — — c 

..g. ethanol. The sample may also be pre.frea.ed with enzyme,*, which as primary taction 
—ise the =a„s a„d,cr reduce me viscosity o, the sample. „ may further be 
advantageous ,o perform a pre-hybridisation step ,n order to block sites which mlght 01herwi5e 
™o binding. F or this purpose. biocking , g e„,s , ite 5k ,m m,,k and nol 

ZZ LTT S " iBb " " °°~ °' ' he mixture should 

h.nd me probe non-specfically. The pre-hybrktisation buffer may suitabfy comprise an 
appropnate buffer, blocking agentfs). and detergents. 

During the in situ hybridan, one or more probes according to the present Invents ar e 

under surtable stringency condone. The concentration „„h e appiied probe may ,ary 
depend,„ 9 en me chemfca, nature o, the p™b. and the cordons under which hybhLion is 
earned out. Typicaliy. a probe concentration between , „M and 1 p M ,s suitable The 
hybr*,,,„„ scution may comprise a denaturing agent which allows hybridisation ,„ take 

str 3 "°" ^ ~ """»" *• T »* ««—*■ -uen, 

u d be present ,n an amount e„.*e to increase me ratio between specie binding and 

22 T 9 ^ ^ am ° Un ' °' d8naMnS «"» -P"* - •» *» « ed and 

on me probe or combined o, probe, Exempt o, denaturing agents are , 0l JL e 
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Prior to hybridisation or curing hybridisation, a mixta, of random prate5 

zr 9,h **' *™ ,he nue "° base - - *»- „ 

de*«ab, probes to one or more non-targe, „ uclelc add ^ can „ e ^ 
add,„on „ one or more u„ te be„ed or independent* detectabie probes, wbioh pL s Ta,e a 

. -o "r t iS ~ n ^ " «" ««-»- ™<* ,. is particular, 1„« ous 
o ad such b,oc k ,„g probes when tbe non-targe, se,uence differs from ,he J a . t segu/ncT 

by only one mismatch. y ^ uence 

i. may be advantageous to include inert are ^ , 0 

su,pha,e wh,c* may be used in concentrations =, from 25% to 15% . The prefenM 4M ™ 
concentration range is „om 8% to ,2% in „e case o, dextran sulpha,., other usetu, 
macromofccules are polyvlnylpyrroMdcne and ^ ^ 
concentrates, eg. 0.2%. „ may further be advantageous to add one or more detergents 
may reduce ,be degree o,„o,spaci«c binding o, , be pep Me nucieic J£T 
E^plesotuse^de^en.aresodiumdodecWsutpnate.Tweenao^rTnJx.™- 

* and 0.2M, The hybnd,sation solution may furthermore contain salt Although it is no, 
■nCude s*n concentrates from 2 to 500 m M . or suitably from 5 to^oo mM 

Dunn. , hybridisation, other important parameters „ hybridisatfcn temperature. concentraflon 
o the robe and hybr»sa,,on «me. The person sKilted in the art „,„ readity recuse tha 
op«ma, c„„d„,o„, must be determined ,or each o, the above-me„«oned pLmeL a«o lo 

ot he b yl ,„d,sa«on buffer, ,„ particular the concentration o,d.n,,ur,„g agent Presence o, 
volume excluders may also have an effect. 

Following nybndisation, lhe sample is washed to remove any unbound and any non- 
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spec.fica.ly bound probe, and consequently, appropriate stringency conditions shou.d be used 
By stnngency is meant the degree to which the reaction conditions favour the dissociation of ' 
the formed hybrids. The stringency may be increased typica.ly by increasing the washing 
temperature and/or washing time. TypicaHy. washing times from 5 to 40 minutes may be 
. sufficient. Two or more washing periods of shorter time may a.so give good resu.ts. A range of 
buffers may be used, including biological buffers, phosphate buffers and standard citrate 
buffers. The demand for low sa,t concentration in the buffers is not as pertinent as for DNA 
probe assays due to the difference response to salt concentration, .n some cases it is 
advantageous to increase the pH of the washing buffer as it may give an increased signal-to 
no,se ratio (see WO 97/18325). This is conceivably due to a significant reduction of the non- 
specific binding. Thus, it may be advantageous to use a washing so.ution with a pH va.ue form 
8 to 10.5, preferably from 9 to 10. 

Visualisation of bound probe(s) must be carried out with due regard to the type of label 
chosen. There are a wide range of usefu. probe labels, in particular various fluorescent labe.s 
such as fluorescein, rhodamine and derivatives thereof. Furthermore, labels like enzymes 
(e.g. peroxidases and phosphatases) and haptens (e.g. biotin, digoxigenin, dinitro benzoic 
ao,d) may suitably be app.ied. In the case of fluorescent labels, the hybrids formed may be 
v.suahsed using a microscope with a magnification of at least * 250, preferab.y x 10 00 The 
v,sua.isation may further be carried out using a CCD (charge coup.ed device) camera 
o P t,ona,ly controlled by a computer. When haptens are used as labels, the hybrids may be 
detected using an antibody conjugated with an enzyme. In these cases, the detection step 
may be based on colorimetry, fluorescence or luminescence. 

The probes may a.ternatively be labelled with fluorescent particles having the fluorescent label 
embedded in the particles (e.g. Estapor K coulored microspheres), located on the surface of 
the particles and/or coupled to the surfaces of the particles. As the particles have to come into 
contact with the target nucleic acids within the cells, the use of fluorescent particles may 
necessitate pretreatment of the bacteria. Relatively smal. particles e.g. about 20 nm may 
suitable be used. 



in another in situ hybridisation embodiment, frozen tissue or biopsy samples are cut into thin 
sections and transferred to a substantially planar surface, preferably microscope slides Prior 
to hybridisation, the tissue or biopsy may be treated with a fixative, preferably a precipitating 
fixat,ve such as acetone, or the samp.e is incubated in a so.ution of buffered forma.dehyde 
Alternatively, the biopsy or tissue section can be transferred to a fixative such as buffered ' 
formaldehyde for 12 to 24 hours and following fixation, the tissue may be embedded in paraffin 
form.ng a block from which thin sections can be cut. Prior to hybridisation, the tissue section is 
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n a further embodiment of the in situ assays, the bacteria, ce,.s are kept in suspension during 
3 fixa on, prehybridisation , hybrjdjsatjon gnd wgshjng ^ ^ ^ ^ ^ ^ - 

labe? tIv 8 ? eSCribed 3b0Ve - ^ Preferred ^ ° f ' abel f ° r thiS emb0diment * nt 
abe.s. Th,s a„ows detection of hybridised ce.is by flow cytometry, recording the intensity of 

fluorescence per cell. Bacterial cel.s in suspension may further be coupled to partic.es 

preferab,y with a size of from 20 nm to 10 urn. The particles may be made of materia.s we„- 

known ,n the art like latex, dextran, cellulose and/or agarose, and may optionally be 

uTa m aTl C " C0nt3in 3 flU ° reSCent ,abeL NOrma " y ' baCteria ' Ce " S « ™^ * Nicies 
u mg ant,bod,es aga.nst the target bacteria, but other means like molecular imprinting may 

also be used. Coup.ing of the bacteria, ce„s to partic.es may be advantageous in sample 

handling and/or during detection. 

in the embodiments of in situ hybridisation described above, the probes according to the 
-nvention are used for detecting a target sequence of one or more mycobacteria ,n a 
preferred embodiment, the probes are suitable for detecting a target sequence of 
mycobacteria of the Mycobacterium tuberculosis Complex (MTC), mycobacteria other than the 
Myco acter-um tuberculosis Comp,ex (MOTT), or mycobacteria of the Mycobacterium avium 
Complex (MAC). The probes are further suitable for detecting simultaneously different targeT 
sequences originating from the same mycobacteria. 

Samp.es to be analysed using in vitro-based assays need to undergo a treatment by which the 
nuc,e,c acds are released from the bacteria, cells. Nucleic acids may be released using 
organic solvents, strong chaotropic reagents such as high concentrations of guanidine 
thiocyanate, enzymes, bead beating, heating, sonication and/or application of a French press 
The obta.ned nuc.eic acids may undergo additiona. purification prior to hybridisation. 

.n one in vitro hybridisation embodiment, the sam P ,e comprising the target nucleic acid is 
added to a container comprising immobilised capture probe(s) and one or more probe(s) 
labelled to function as detector probe(s). The hybridisation shou.d be performed under suitab.e 
stringency conditions. The hybridisation solution may further comprise a denaturing agent 
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blocking probes, inert polymers, detergents and salt as described for the in situ-type assays. 
Likewise, the hybridisation temperature, probe concentration and hybridisation time are 
important parameters that need to be controlled according to the specific conditions of the 
assay, e.g. choice of peptide nucleic acid probe(s) and concentration of some of the 
ingredients of the hybridisation buffer. If hybridisation of the target nucleic acid to the capture 
probe(s) and detector probe(s), respectively, is performed in two separate steps, different 
parameters, in particular different stringency conditions, may be used in these steps. The 
concentration of the capture probe may be higher for in situ assays as hybridisation may be 
controlled better and washing can be performed more efficiently. 

The capture probes may be immobilised onto a solid support by any means, e.g. by a coupling 
reaction between a carboxylic acid on a linker and an amino derivatised support. The capture 
probe may further be coupled onto the solid support by photochemical activation of 
photoreactive groups which have been attached absorptively to the solid support prior to 
photochemical activation. Such photoreactive groups are described in the US 5 316 784 A. 
The capture probes may further be coupled to a hapten which allows an affinity based 
immobilisation to the solid support. One such example is coupling of a biotin to the probe(s) 
and immobilisation via binding to a steptavidin-coated surface. 

The solid support may take a wide variety of forms well-known in the art, such as a microliter 
plate having one or more wells, a filter membrane, a polymer membrane, a tube, a dip stick, a 
strip and particles. Filter membranes may be made of cellulose, celluloseacetate, 
polyvinylidene fluoride or any other materials well-known in the art. The polymer membranes 
may be of polystyrene, nylon, polypropylene or any other materials well known in the art. 
Particles may be paramagnetic beads, beads made of polystyrene, polypropylene, 
polyethylene, dextran, nylon, amyloses, celluloses, polyacrylamides and agarose. When the 
solid support has the form of a filter, a membrane, a strip or beads, it (they) may be 
incorporated into a single-use device. 

The selection of the label of the detector probe(s) depend on the specific assay format and 
possible instrumentation. When biotin labelled probes are used, the hybrids may be detected 
using streptavidin or an antibody against the biotin label which antibody or streptavidin may be 
conjugated with an enzyme and the actual detection depend on the choice of the specific 
enzyme, preferably a phosphatase or a peroxidase, and the substrate for the selected 
enzyme. The signal may in some cases be enhanced using commercially available 
amplification systems such as the catalysed signal amplification system for biotinylated probes 
(CSA by DAKO). Various polymer-based enhancement systems may also be used. An 
example is a dextran polymer to which both a hapten specific antibody and an enzyme is 
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coupled. The detector probe(s) may further be labelled with other haptens, e.g. digoxigenin 
dinitro benzoic acid and fluorescein, in which case the hybrids may be detected using an 
antibody against the hapten which antibody may be conjugated with an enzyme. It is even 
possible to apply detector probe(s) which have enzymes coupled directly onto the probes. 
There are a wide range of possibilities for selection of enzyme substrates allowing for 
colourimetric (substrates e.g. p-nitro-phenyl phosphate or tetra-methyl-benzidine), fluorogenic 
(substrates e.g. 4-methylumbilliferylphosphate) or chemiluminescent (substrates e.g. 1 ,2- 
dioxetanes) detection. 

The detector probes may further be labelled with various fluorescent labels, preferably 
fluorescein or rhodamine, in which case the hybrids may be detected by measuring the 

fluorescence. 

The detector probe(s) will typically be different from the capture probe(s), thus ensuring dual 
species specificity. The dual specificity will most often allow at least one of the probes to be 
shorter, e.g. a 10 mer probe. 

Furthermore, the capture of purine rich sequences may be improved by utilising bis-peptide 
nucleic acids as capture probes. Such bis-peptide nucleic acids are described in WO 
96/02558. The bis-peptide nucleic acids comprise a first peptide nucleic acid strand capable of 
hybridising in parallel fashion to the target nucleic acid, and a second peptide nucleic acid 
strand capable of hybridising in antiparallel fashion to the purine rich sequence of the nucleic 
acid to be captured. The two peptide nucleic acid strands are connected by a linker and are in 
this way capable of forming a triplex structure with said purine rich sequence nucleic acid. The 
number of polymerised moieties of each linker-separated peptide nucleic acid may be as 
previously defined for non-bis-peptide nucleic acids. However, due to the high stability of the 
triplexes formed, bis-peptide nucleic acids with short first and second strands can be used 
making the design of a pyrimidine rich probe easier. 

Instead of using a detector probe, capture probe: nucleic acid complexes may be detected 
using a detection system based on an antibody reacting specifically with complexes formed 
between peptide nucleic acids and nucleic acids (such as described in WO 95/17430), in 
which detection system the primary antibody may comprise a label, or which detection system 
comprises a labelled secondary antibody, which specifically binds to the primary antibody. The 
specific detection again depends on the selected substrate which may be of any type of those 
mentioned above. 

Depending on the type of specific assay format, label and detection principle various types of 
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in an exampfe o, this embodiment. . ^ ^ „ _ 

n«er plate by a pnotocnemica, reaction between antr^uinon-iabeiied ^ 
s^ngen, co„d,„ons. Unbound rRNA is removed by ^ an( , „. * 

a n b ", 6 " Z1 ' nne - tebe " ed a * M ' «■« «» «** after removal o, u „ bound 

anybody , s detected using a chemlluminescence substrate. 

£ZZ mm *'*™' « «*- «o latex panlcies. and 

labe,,ed detector prcbe(s). After hybridisation and optional washing me hybrids are detected 
by cw cytomet^. A range o, different beads <e.g. by s*e or coiours, may cany different 
capture probes for different targets, thus aiiowing , muitipie aetecfcn " 

in a further embodiment „, the ,„ „,,«, , SS ays forma,, the capture probe, th. target nucleic 

a«chl 6 "Tl ^ hVt "' diSe S °"" 10 "' "» -*» P^be is 

attached to a so„d phase. The sow phase, the hybndisafcn conditions and means of 

detection may be selected according to the specific method as described above. 

l^rtT emb0dimen ' ° f V " r0 " U * C «*""■"» ■>•""*- — 

tor or po lymer mem6ranes „ 0 , her ^ of swid ^ ^ ^ ^ ^ ^ 

pnobes ducted agains, different targe, sciences may be immobitised onto a so,id surface 

soTd T 8eqUan<;eS '° a " ^ » — « *— The 

s I d P ase, the hybddisation cond«ons and means ofdeteCn may be as described 
Th,s a,, tor , MU ^ S ^ „ ^ a ra 

identification and resistance patterns. 

^ present probes further provide a method of diagnosing infection by mycobacteria and a 
method for determ.ning the stage of the infection and the appropriate treatment by which 
methods one or more optionai.y ,abe..ed probes according to the invention are brought into 
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eTatair " P3tient SamP ' e ^ ^ ° f treatm6nt and/ ° r ^ 6ff6Ct ° f 3 treatment is («■> 



Kits comprising at least one peptide nudeic acid probe as defined herein are also part of the 
present invention. Such kit may further comprise a detection system with at least one 
detecting reagent and/or a solid phase capture system. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

Examp.es of suitable Qs of adjacent moieties are given below. Peptide nucleic acid probes 
comprising such Qs wi„ be suitab.e for detecting mycobacteria, in particular mycobacteria of 
the MTC group or mycobacteria other than mycobacteria of the MTC group. The probes are 
written from left to right corresponding to from the N-termina. end towards the C-termina. end 
Su,tab.e Q subsequences for detecting 23S and 16S rRNA as well as 5S rRNA of the MTC ' 
group are given below. Suitable Q subsequences for detecting 23S and 16S rRNA of 
mycobacteria other than mycobacteria of the MTC group are further given below The Q 
subsequences include at .east one nucleobase commentary to a nucleobase selected from 
the positions given in parenthesis. The Q subsequences are given as non-.imiting exam P ,es of 
construction of suitab.e probe nucleobase sequences. It is to be understood that the probes 
may comprise fewer or more peptide nucleic acid moieties than indicated 



MTC group (23S) 

AGA TGC GGG TAG CAC (selected from positions 149-158 in Figure 1A), 
TGT TTT CTC CTC CTA (selected from positions 220-221 in Figure 1A), 
ACT GCC TCT CAG CCG (selected from positions 328-361 in 
Figure 1A and Figure 1B), 

TGA TAC TAG GCA GGT (selected from positions 453-455 in Figure IB) 
CGG ATT CAC AGC GGA (selected from positions 490-501 in Figure 1B) 

TCA CCA CCC TCC TCC (selected from positions 637-660 in Figure 1C),' (Seq , D no 6) 

™ A^? (Se ' eCted fr ° m P ° Sit,0nS 637 - 66 ° ^ Fi9Ure 1 C > <— D 

ACC 770 CGA C AT (selected from positions 706-712 in Figure 1D) 

ACT ATT CAC ACG CGC (selected from positions 762-789 in Figure 10) 

CTC CGC GGT GAA CCA (selected from position 989 in Figure 1 D). 

OCT TTA CAC CAC GGC (se.ected from positions 10 68-1072 in Figure 1E). ( eq 

ACG CTT GGG GGC CTT (se.ected from position 1148 in Figure 1E), si' ° no ^ 

CCG GTG GCT TCG CTG (se.ected from positions 1361-1364 in Figure 1F), (Seq ID no 13 

ACT TGC CTT GTC GCT (se.ected from position 1418 in Figure 1F). s eq ID no 4 

GATTCGTCACGGGCG(se,ctedfrom P osi«ions1563-1 5 70inF,ure1F, (Seq ID no 15) 

AACTCCACACCCCCG(se,ectedfrompos,ons 1627-1638inFig U re1G). (Seq ID no 16) 



(Seq ID no 1) 
(Seq ID no 2) 

(Seq ID no 3) 
(Seq ID no 4) 
(Seq ID no 5) 



(Seq ID no 7) 
(Seq ID no 8) 
(Seq ID no 9) 
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GGT GCA CCA GAG GTT (selected from positions 2952-2956 in Figure 11)' 
CTG GCG GGA CAA CTG (selected from positions 2966-2969 in Figure 1jj 
TTA TCC TGA CCG AAC (selected from positions 3000-3003 in Figure 1J) ' 
GAC CTA TTG AAC CCG (selected from positions 3097-3106 in Figure U) 



30 MTC group (5S) 

CGG AGG GGC AGT ATC (selected from positions 86-90 in Figure 3), 



(Seq ID no 17) 
(Seq ID no 18) 
(Seq ID no 19) 
(Seq ID no 20) 



ACT CCA CAC CCC CGA (selected from positions 1627-1638 in Figure 1G) 
ACC CCT TCG CTT GAC (selected from positions 1675-1677 in Figure 1G) 
CTT GCC CCA GTG TTA (selected from position 1718 in Figure 1G) 
CTC TCC CTA CCG GCT (selected from positions 1734-1740 in Figure 1H) 

GAT ATT CCG GTC CCC (selected from positions 19 67-1976 in Figure 1H).' (Seq ID no 21) 

ACT CCG CCC CAA CTG (selected from positions 2403-2420 in Figure 1 H . Seq ID no 22 

CTG T ccCTAAACCCG(se,ectedfrompo Si tions24 5 7-2488inF ig ure1l) S ^ 

GAG GTT AGA TGC ^-eced from positions 2457-2488 in Figure 1 1 S eq ID no 24 

GTC CCT AAA CCC GAT (selected from positions 2457-2488 in Figure 1 1 ' 1' " ' 

10 GGT GCA CCA fiAft ™-r ... . . 9 11,1 (Sec > 10 no 25) 

(Seq ID no 26) 

(Seq ID no 27) 
(Seq ID no 28) 
(Seq ID no 29) 



(Seq ID no 30) 
(Seq ID no 31) 
(Seq ID no 32) 



15 MTC group (16S) 

GAA GAG ACC TTT CCG (selected from positions 76-79 in Figure 2A), 
CAC TCG AGT ATC TCC (selected from positions 98-101 in Figure 2A), 
ATC ACC CAC GTG TTA (selected from positions 136-136 in Figure 2A) 

GCA TCC CGT GGT CCT (selected from positions 194-201 in Figure 2B)'. (Seq ID no 33 > 

20 CAC AAG ACA TGC ATC (selected from positions 194-201 in Figure 2B Se p n 34 

TAA AGC GCT TTC CAC (selected from positions 222-229 in Figure 2B Se p o ° ^ 

CCG AGA GAA CCC GGA (selected from position 474 in Figure 2C) 
AGT CCC CAC CAT TAC (selected from positions 1 136-1 145 in Figure 2C) 
AAC CTC GCG GCA TCG (selected from positions 1271-1272 in Figure 2C) 
GGC TTT TAA GGA TTC (selected from positions 1287-1292 in Figure 2D) 
GAC CCC GAT CCG AAC (selected from position 1313 in Figure 2D) 
CCG ACT TCA CGG GGT (selected from position 1334 in Figure 2D) 



(Seq ID no 36) 
(Seq ID no 37) 

25 AAC CTC C,r.a «™ -m^^Z: .T" "~ ' ™ ^ ^ < Se « ,D "° 38) 

(Seq ID no 39) 

(Seq ID no 40) 

(Seq ID no 41) 

(Seq ID no 42) 



(Seq ID no 43) 



Mycobacteria other than those of the MTC group (23S) 

GAT CAA TGC TCG GTT (selected from positions 99-101 in Figure 4A). (Seq ID no _ 

35 TTC CCC GCG TTA CCT (selected from position 183 in Figure 4A) <*«"° " 44) 

TTA GCC TGT TCC GGT (selected from positions 261-271 in Figure 4A) 
GCA TGC GGT TTA GCC (selected from positions 281-284 in Figure 4B) 

TAC CCG GTT GTC CAT (selected from positions 290-293 in Figure 4B),' (Se q , D no 48) 

GAG CTG AGA CAT (selected from positions 327-335 and ' 
40 343-357 in Figure 4B), 

GCC GTC CCA GGC CAC (selected from positions 400-405 in ^ '° "° ^ 

Figure 4B and Figure 4C), 

(Seq ID no 50) 



(Seq ID no 45) 
(Seq ID no 46) 
(Seq ID no 47) 
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CTC GGG TGT TGA TAT (selected from positions 453-462 in Figure 4C), ( Se q ID no 51) 

ACT ATT TCA CTC CCT (selected from positions 587-599 in Figure 4C), (Se q ID no 52) 

ACG CCA TCA CCC CAC (selected from positions 637-660 in Figure 4D), (Seq ID no 53) 

CGA CGT GTC CCT GAC (selected from positions 704-712 in Figure 4D), (Seq ID no 54) 

5 ACT ACA CCC CAA AGG (selected from positions 763-789 in Figure 4E), (Se q | D no 55) 

CAC GCT TTT ACA CCA (selected from positions 1060-1074 in Figure 4E), (Seq ID no 56) 

GCG ACT ACA CAT CCT (selected from positions 1 1 77-1 1 85 in Figure 4E), (Sea. ID no 57) 

CGG CGC ATA ATC ACT (selected from positions 1259-1265 in Figure 4E), (Seq ID no 58) 

CCA CAT CCA CCG TAA (selected from positions 131 1-1327 in Figure 4F), (Seq ID no 59) 

10 CGC TGA ATG GGG GAC (selected from positions 1345-1348 in Figure 4F), (Seq ID no 60) 

GGA GCT TCG CTG AAT (selected from positions 1361-1364 in Figure 4G), (Seq ID no 61) 

CGG TCA CCC GGA GCT (selected from positions 1361-1364 in Figure 4G), (Seq ID no 62) 

GGA CGC CCA TAC ACG (selected from positions 1556-1570 in Figure 4G), (Seq ID no 63) 

GAA GGG GAA TGG TCG (selected from positions 1608-1613 in Figure 4H), (Seq ID no 64) 

15 AAT CGC CAC GCC CCC (selected from positions 1626-1638 in Figure 4H), (Seq ID no 65) 

CAG CGA AGG TCC CAC (selected from positions 1651-1659 in Figure 4H), (Seq ID no 66) 

GTC ACC CCA TTG CTT (selected from positions 1675-1677 in Figure 4H), (Seq ID no 67) 

ATC GCT CTC TAC GGG (selected from positions 1 734-1 741 in Figure 4H), (Seq ID no 68) 

GTG TAT GTG CTC GCT (selected from positions 1847-1853 in Figure 41), (Seq ID no 69) 

20 ACG GTA TTC CGG GCC (selected from positions 1967-1976 in Figure 41), (Seq ID no 70) 

GGC CGA ATC CCG CTC (selected from positions 2006-2010 in Figure 41), (Seq ID no 71) 

AAA CAG TCG CTA CCC (selected from positions 2025-2027 in Figure 41), (Seq ID no 72) 

CCT TAC GGG TTA ACG (selected from positions 2131-2132 in Figure 4J), (Seq ID no 73) 

GAG ACA GTT GGG AAG (selected from positions 2252-2255 in Figure 4J), (Seq ID no 74) 

25 TGG CGT CTG TGC TTC (selected from positions 2396-2405 in 

Figure 4J and Figure 4K), ,„ ,„ 

' (Seq ID no 75) 

CGA CTC CAC ACA AAC (selected from positions 241 6-2420 in Figure 4K), (Seq ID no 76) 

GAT AAG GGT TCG ACG (selected from positions 2474-2478 in Figure 4K), (Seq ID no 77) 

ATC CGT TGA GTG ACA (selected from position 2687 in Figure 4K), (Se q ID no 78) 

30 CAG CCC GTT ATC CCC (selected from position 2719 in Figure 4K), (Se q ID no 79) 

AAC CTT TGG GAC CTG (selected from position 2809 in Figure 4L), ( Se q ID no 80) 

TAA AAG GGT GAG AAA (selected from positions 3062-3068 in Figure 4L), (Seq ID no 81) 

GTC TGG CCT ATC AAT (selected from positions 3097-3106 in Figure 4L), (Seq ID no 82) 

35 Mycobacteria other than those of the MTC group (16S) 

AGA TTG CCC ACG TGT (selected from positions 1 35-1 36 in Figure 5A), (Seq ID no 83) 

AAT CCG AGA AAA CCC (selected from positions 472-475 in Figure 5A), (Seq ID no 84) 

GCA TTA CCC GCT GGC (selected from positions 1136-1144 in Figure 5A), (Seq ID no 85) 

TTA AAA GGA TTC GCT (selected from positions 1287-1292 in Figure 5B), (Seq ID no 86) 

40 AGA CCC CAA TCC GAA (selected from position 1313 in Figure 5B), (S eq ID no 87) 

GAC TCC GAC TTC ATG (selected from position 1 334 in Figure 5B), ( Se q ID no 88) 
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Drug resistance 

23S-mediated macrolide resistance (M. avium) 

GTC TTT TCG TCC TGC (wild-type) (selected from positions 2568-2569 
in Figure 6), 

5 GTC TTA TCG TCC TGC (selected from positions 2568 in Figure 6) TTT 

OTC TTC TCG TCC TGC (setectet, from pos „ ms ^ „ R „, * S ' " 2 

GTC TTG TCG TCC TGC „ m poslfcns ^ ,„ R „„ * f> <° "° °<> 

OTC TAT TCG TCC TGC (s.iected from Posits », ,„ F J„ 6 ' ° ™ 

OTCTCTTCGTCCTGCseiecteo^posi^s^inP;. ^ """^ 

-0 GTC TGT TCG TCC TGC (selected from positions 2568 in Figure Q), 

16S-mediated streptomycin resistance (M. tuberculosis) 

TTG GCC GGT GCT TCT (wi.d-type) (selected from positions 452 in Figure 7) ( Sea ID no 9m 

■nrGGCCGGTACTTCT (S e l eCedfrom P osition S 452in F iaure7) Sea n 

1 « TTG GCC GGT CCT TCT (selected from positions 452 in Fi ure 7 ^ ° "° ^ 

TTG GCC GGT TCT TCT (selected from positions 452 in Figure 7 ^ ° "° ! 

ACC GCG GCT GCT GGC (wild-type) (selected from positions 473-477 ' ' "° "° 
in Figure 7), 

ACC GCG GCT ACT GGC (se.ected from positions 473 in Figure 7) T !° "° ^ 

20 ACCGCGGCTCCTGGC(se,ec«edfrompositions473inFiur or £ ID " 2 

ACC GCG GCT TCT GGC (selected from positions 473 in Figure 7 s ! " "° ! 

CGG CAG CTG GCA CGT (selected from positions 474 in F^ure ' ° "° ^ 

CGGCCGCTGGCACGT(se,ec»edfrom P ositions474inFi 2 D T 

CGG CTG CTG GCA CGT (selected from positions 474 in Figure 7 ' T ° "° ^ 

2 5 CGT ATT ACC GCA GCT (se.ected from positions 477 in Figu" )' Z 

CGT ATT ACC GPP ppt /•«. i » ^ . (Seq ID no 107) 

a u ACC GCC GCT (selected from positions 477 in Fiqure 7) ,c 

CGT ATT ACP GPT ppt ,-«.,._,, (Sec > ,D no 1 °8) 

^ ACC GCT GCT (selected from positions 477 in Figure 7) «.„ ln ' 

TCCTTTAAGTT TTA (selected from positions 865 in Figure 7) ,o .„ 

30 TTCCTTTCAGTTTTA(se,ec,edfromposi«ions865 i nFiure Z»7 2 
TTC CTT TTA GTT TTA (se.ected from positions 865 in Figure 7 Se ' 

TTC CTT AGA GTT TTA (se.ected from pos.t.ons 866 in Figure 7 s Z "° ' 

TTC CTT CGA GTT TTA (selected from positions 866 in Fi ure 7 L Z "° 

^ TTCCTTGGAGTTTTA( S e,ec,edfrompositions866inF;re7;: S^lS 

Other examples of suitable Q subsequences are given below. 
CAT GTG TCC TGT GGT and 

CGT CAG CCC GAG AAA (Seq 10 "° 1 17) 

- selected so as to be complementary to M. gordonae 163 rRNA (positions 1 ^ 
466, respect, V e.y, of GenBank entry GB:MSGRR16SI, accession no. M29563) These 
positions correspond to positions 192-206 and 473-487, respective.y. of the a.ignments shown 
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in Figure 2 and 5. Probes having this or a simi, ar nudeobase sequence are suitab.e for 
detecting M. gordonae. 



CAC TAC ACA CGC TCG, and 
5 TGG CGT TGA GGT TTC (Seq '° n ° 1 19) 

—* » - ,o te a pos iU „„ s 781 . 795 rt 2369 . 23e3 

kan sas „ 23SrfiN A(Ge„B a nk e „, n , M K 2 3SRRNA a cc essfo „„ l , mberZ17212) Jh J ' 
po 8 ,„ons correspond «o positions 774-794 and 2398-24,2. respeo.ve.y, of ft. alig nr„e„ B 
s own ,„ n g „ re , and 4. Probe s h a *„o ,n,s or . simiiar nuoleobase seouence are .*» fcr 

10 detecting M. kansasii. 

Precursor rRNA 

AAC ACT CCC TTT GGA 

(Seq ID no 123) 
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A peptide nucieic acid probe having the above-indicated nudeobase sequence is directed to 
M. tubercuiosis precursor rRNA. The probe is complementary to positions 602 to 616 of 

GenBank accession number X58890. 

Especially, probes based on those nudeobase sequences with sequence identification 
numbers Seq .D no 62, 79 and 80 (and other probes selected from positions 1361-1364 in 
F.gure 1F, 2719 in Figure 4K and 2809 in Figure 4L) are suitable for detecting M. avium 
Probes based on the nudeobase sequence with sequence identification number Seq ID no 55 
(and other probes selected from positions 763-789 in Figure 4E) are suitab.e for detecting M 
av IU m, M . intrace„u.are and M. scrofu.aceum as a group (the organisms termed the MAIS ' 
group of mycobacteria). , n addition, probes based on the nudeobase sequences with 
sequence identification numbers Seq ,D no 77 and 81 are suitable for detecting M. avium M 
mtracellulareandM.paratuberculosisasagroup. ' ' 

The invention is further illustrated by the non-limiting examples given below. 

EXAMPLES 

EXAMPLE 1 

Mycobacterium species (M . bovis and M. intrace.Mare) 23S rDNA were partly amplified by 
PGR, and the PGR products were sequenced (both strands) using CyS-labe.led 
ohgonucleotide primers (DNA Technoiogy, Aarhus. Denmark) and the 7-deaza-dGTP Thermo 
Sequenase cyda sequencing kit from Amersham, Little Chalfont, England. Sequences were 
read us,ng an ALFexpress automated sequencer and ALFwin (version 1.10) software from 
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Pharmacia Biotech, Uppsala, Sweden. M. bovis and M. intracellulars 23S rRNA sequences 
are included at the following positions of the 23S rDNA sequence alignments: positions 681- 
729 (Figures 1C and 4D), positions 761-800 (Figures 1D and 4E) t positions 2401-2440 
(Figures 1H and 4K), positions 2441-2480 (Figures 11 and 4K), positions 2481-2520 (Figure 
11), positions 3041-3080 (Figure 4L), and positions 3081-3120 (Figures 1 J and 4L). 

EXAMPLE 2 

Sequence alignments (see Figures 1 to 5) of 23S, 16S and 5S rDNA of mycobacteria of the 
MTC group, and 23S and 16S rDNA of mycobacteria other than those of the MTC group 
(MOTT) were done using the Megalign (version 3.12) alignment tool from DNASTAR 
(Madison, Wl, USA). Up to one hundred sequences were aligned at a time. 

Peptide nucleic acid probes in which the nucleobase sequence was complementary to 
distinctive mycobacterial rRNA were designed with due regard to secondary structures using 
the PrimerSelect program (version 3.04) from DNASTAR. As a control of sequence specificity, 
all probe sequences were subsequently matched with the GenBank and EMBL databases 
using BLAST sequence similarity searching at the National Center for Biotechnology 
Information (http://www.ncbi.nlm.nih.gov). 

As examples, the following sequences were selected: 



25 



30 



35 



MTC 23S 

TCA CCA CCC TCC TCC 
CCA CCC TCC TCC 
ACT ATT CAC ACG CGC 
CCA CAC CCA CCA CAA 
AAC TCC ACA CCC CCG 
ACT CCA CAC CCC CGA 
ACT CCG CCC CAA CTG 
CTG TCC CTA AAC CCG 
TTC GAG GTT AGA TGC 
GTC CCT AAA CCC GAT 
GAC CTA TTG AAC CCG 

MTC 16S 

GCA TCC CGT GGT CCT 
CAC AAG ACA TGC ATC 
GGC TTT TAA GGA TTC 
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(Seq ID no 6) 
(modified Seq ID no 6) 
(Seq ID no 8) 
(Seq ID no 12) 
(Seq ID no 16) 
(Seq ID no 17) 
(Seq ID no 22) 
(Seq ID no 23) 
(Seq ID no 24) 
(Seq ID no 25) 
(Seq ID no 29) 



(Seq ID no 33) 
(Seq ID no 34) 
(Seq ID no 40) 
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MOTT 23S 

GAT CAA TGC TCG GTT 
CGA CTC CAC ACA AAC 

5 MOTT 16S 

GCA TTA CCC GCT GGC 

Drug resistance 

GTC TTA TCG TCC TGC 
1 0 GTC TTC TCG TCC TGC 
GTC TTG TCG TCC TGC 
GTC TAT TCG TCC TGC 
GTC TCT TCG TCC TGC 
GTC TGT TCG TCC TGC 

15 

Precursor rRNA 

AAC ACT CCC TTT GGA 

Non-sense probes 

20 GTC CGT GAA CCC GAT 
TAC GCT CTT TGA GCT 

EXAMPLE 3 



(Seq ID no 44) 
(Seq ID no 76) 



(Seq ID no 85) 



(Seq ID no 90) 
(Seq ID no 91) 
(Seq ID no 92) 
(Seq ID no 93) 
(Seq ID no 94) 
(Seq ID no 95) 



(Seq ID no 123) 



(Seq ID no 121) 
(Seq ID no 122) 



25 



30 



Peptide nucleic acid probes were synthesised using an Expedite 8909 Nucleic Acid Synthesis 
System purchased from PerSeptive Biosystems (Framingham, USA). The peptide nucleic acid 
probes were terminated with two p-alanine molecules or with one or two lysine molecule(s) 
and, before cleavage from the resin, labelled with 5-(or 6)-carboxyfluorescein (Flu) or 
rhodamine (Rho) at the p-amino group of alanine (peptide label) or e-amino group of lysine 
(peptide label), respectively. Probes were purified using reverse phase HPLC at 50°C and 
characterised using a G2025 A MALDI-TOF MS instrument (Hewlett Packard, San Fernando, 
California, USA). Molecular weights determined were within 0.1% of the calculated molecular 
weights. 
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The following labelled peptide nucleic acid probes were synthesised: 
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MTC 23S 

Lys(Flu)-Lys(Flu)-TCA CCA CCC TCC TCC-NH 2 
Lys(Flu)-Lys(Flu)-CCA CCC TCC TCC-NH 2 
Lys(Flu)-Lys(Flu)-ACT ATT CAC ACG CGC-NH 2 



(OK 446/modified Seq ID no 6) 
(OK 575/modified Seq ID no 6) 
(OK 447/modified Seq ID no 8) 



Lys(Flu)-ACT ATT CAC ACG CGC-NH 2 
Lys(Flu)-Lys(Flu)-CCA CAC CCA CCA CAA-NH 2 
Lys(Flu)-Lys(Flu)-AAC TCC ACA CCC CCG-NH 2 
Lys(Flu)-Lys(Flu)-ACT CCA CAC CCC CGA-NH 2 
5 Lys(Flu)-Lys(Flu)-ACT CCG CCC CAA CTG-NH 2 
Lys(Flu)-Lys(Flu)-CTG TCC CTA AAC CCG-NH 2 
Lys(Flu)-Lys(Flu)-TTC GAG GTT AGA TGC-NH 2 
Lys(Flu)-TTC GAG GTT AGA TGC-NH 2 
Lys(Flu)-Lys(Flu)-GTC CCT AAA CCC GAT-NH 2 
1 Lys(Flu)-GTC CCT AAA CCC GAT-NH 2 
Lys(Flu)-GAC CTA TTG AAC CCG-NH 2 

MTC 16S 

Lys(Flu)-Lys(Flu)-Gly-GCA TCC CGT GGT CCT-NH : 
Lys(Flu)-Lys(Flu)-CAC AAG ACA TGC ATC-NH 2 
Lys(Flu)-CAC AAG ACA TGC ATC-NH 2 
Lys(F!u)-GGC TTT TAA GGA TTC-NH 2 
Lys(Rho)-GGC TTT TAA GGA TTC-NH 2 

MOTT 23S 

Flu-p-Ala-p-Ala-GAT CAA TGC TCG GTT-NH 2 
Flu-P-Ala-p-Ala-CGA CTC CAC ACA AAC-NH 2 

MOTT16S 

Flu-p-AIa-p-Ala-GCA TTA CCC GCT GGC-NH 2 
Drug resistance 

Lys(Flu)-GTC TTT TCG TCC TGC-NH 2 
Lys(Rho)-GTC TTA TCG TCC TGC-NH 2 
Lys(Rho)-GTC TTC TCG TCC TGC-NH 2 
Lys(Rho)-GTC TTG TCG TCC TGC-NH 2 
Lys(Rho)-GTC TAT TCG TCC TGC-NH 2 
Lys(Rho)-GTC TCT TCG TCC TGC-NH 2 
Lys(Rho)-GTC TGT TCG TCC TGC-NH 2 

Precursor rRNA 

Lys(Flu)-AAC ACT CCC TTT GGA-NH 2 

Reduction of non-specific binding 

GTC CGT GAA CCC GAT-NH 2 
Gly-TAC GCT CTT TGA GCT-NH 2 



(OK 688/modified Seq ID no 8) 
(OK 448/modified Seq ID no 12) 
(OK 449/modified Seq ID no 16) 
(OK 309/modified Seq ID no 17) 
(OK 450/modified Seq ID no 22) 
(OK 305/modified Seq ID no 23) 
(OK 306/modified Seq ID no 24) 
(OK 682/modified Seq ID no 24) 
(OK 307/modified Seq ID no 25) 
(OK 654/modified Seq ID no 25) 
(OK 660/modified Seq ID no 29) 

(OK 223/modified Seq ID no 33) 
(OK 310/modified Seq ID no 34) 
(OK 655/modified Seq ID no 34) 
(OK 689/modified Seq ID no 40) 
(OK 702/modified Seq ID no 40) 

(OK 624/modified Seq ID no 44) 
(OK 612/modified Seq ID no 76) 

(OK 623/modified Seq ID no 85) 

(OK 745/modified Seq ID no 89) 
(OK 746/modified Seq ID no 90) 
(OK 746/modified Seq ID no 91) 
(OK 746/modified Seq ID no 92) 
(OK 747/modified Seq ID no 93) 
(OK 747/modified Seq ID no 94) 
(OK 747/modified Seq ID no 95) 



(OK 749/modified Seq ID no 123) 



(OK 507/modified Seq ID no 121) 
(OK 714/modified Seq ID no 122) 
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EXAMPLE 4 



initially the abiNty of the peptide nuc.eic acid probes to react with target sequences of 
mycobacteria. rRNA was tested by dot b,ot carried out with rRNA from M. bovis BCG M 
> avium and E.coli. ' 

M. bovis BCG ,S Btera Serum ,„ stilut . ana M 

S.a.ens Serun, ,„s 6 ,u„ „ ere grown in Du6os ^ (SBtens seru|ji ^ 

Jensen siants ,S B ,ens Serum at 37 . c . RNA was ^ _ ^ 

us,n 8 TR,. reagen , (slgma) fo||ow(ng manufac , ure , s d|rectfons E m|| ^ 

from Boehnnger Mannheim, Germany. 

,sT ! ' T? RNA ' M mrac *' are RNA ana E coli ,RNA — — -* 

(S0Ne,cher S Schuel, NY 13 N), and the membranes were dried and fixed under UV ,ig„ t ,„r 2 

minutes. y 

Protocol for dot blot assay 

Each of the probes (70 nM probe in hybridisation so.ution (50 mM Tris. 10 mM NaCI 10% 
w/v) Dextran sulphate. 50,0 (v/v) glycerol , 5 mM EDTA, 0.1% (w/v) sodium pyrophosphate, 
0.2 /„ (w /v) po,y Vl ny, P yrrolidone, 0. 2 o/ 0 ( w/v) Ficoll , pH 7A)) were spotted onto g ^ 

ltd I s t r continued for 1 5 hours at 55 ° r 65 ° c ' respective,y - The memb — — 

n sed 2 t.mes for 15 minutes in 2 x SSPE buffer (1 x SSPE: 0,5 M Nad, 10 mM sodium 
Phosphate, 1 mM EDTA, P H 7.4) containing 0.1 % SDS at ambient temperature and 
subsequent 2 times for 15 minutes in 0, x SSPE buffer containing 0.1% SDS at 55 or 65 °C 
m6mbrane b ' 0Cked W,th ° 5% (W/V > casein dis ^d in 0 5M Nad 

ITC ftT' ^ 9 -°- Th6reafter ' ^ membranSS W6re ~ * 1 *™ ™ ~ 
FITC antibody labelled with a.ka.ine phosphatase (AP) (DAKO K0046 via. A) di.uted 12000 in 

0.5/o case, dissolved in 0.5M NaC, 0.05M Tris/HC. P H 9.0. After incubation, the membranes 
were washed 3 times 5 minutes with TST buffer (0.05M Tris, 0.5M NaC, 0.5% (w/v) Tween 
20 . pH 9) at ambient temperature. Bound probes were visua.ised foHowing standard 
procedures using BC.P/NBT, and the visua.isation was stopped by incubation for 10 minutes 
with 1 0 mM EDTA. The blot was dried at 50 °C. 

The results are given in Table 1 below. 
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TABLE 1 





E. 
rR 


coli 
NA 


M. bovis BCG 
RNA 


M. intracellular 
RNA 


Probe 


55 °C 


65 °C 


55 °C 


65 °C 


55 °C 


65 °C 


OK 305 


negative 


negative 


positive 


positive 


negative 


weak 


OK 307 


negative 


negative 


positive 


positive 


negative 


weak 


OK 309 
OK 223 
OK 310 


negative 
negative 


negative 
negative 


positive 
positive 


positive 
positive 


negative 
~nd ~ 


weak 
"nd 


nd: Not determine 


negative 
d 


negative 


negative 


positive 


negative 


negative 



equene. o, m. tovis BCG rRNA (,s a .presence of the MTC group) ^ £ 

,h. «r " '° " ' n,raCe " Ulare rRNA "~ — « <» ■ -P~«-» Of 

rne MOTT group). 



EXAMPLE 5 



Tb,s exampie illu s, ral e s , he abilily of ,he pspMa nodeie add p,ob.s to penmate <n. 
myoobaCoH,, co. „a» and s„0se qU en,* by0dd.se to ,ar gs , seance ofmyoobaetorta „, ,„e 
MTC group a „d „o, myoobaden* o, ,be MOTT grou p. in par , fcu , ar „ 0 , myco6acter , a of 
Sr ° UP ' ° r Neisseria 9»°T"«ae, by fluoroses » s „„ hybridisation (FISH). 

Preparation of bacterial slides 

M. bovis BCG (Statens Seruminstitut, Denmark), M. avium (kind.y p rov i ded by statens 
Serum-nstitut, Denmark), and M. intrac e „u,are (kindiy provided by statens Seruminstitut 
Denmark) were grown in Dubos broth (Statens Seruminstitut. Denmark) or on Lowenste'in- 
Jensen siants (Statens Seruminstitut, Denmark) at 37 *C. N. gonorrhoeae (Statens 
Seruminstitut. Denmark) was grown on choco.ate agar (Statens Seruminstitut, Denmark) at 37 
°C with additional 5% C0 2 . 

Poo, to toe bybndisabon. ,„e smears »e re immersed into 60% etnano, tor ,6 minutos and 
U bse qu en,,y dns.d wito „„e r and a,r dried. m,s stop is no, mmM fer (oMng 
hyb„d,sa,,on stop, bo, is an.ioipa.ed toa, « „i„ ki „ any viabie myeobaotorta on .be siidos and 
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may further serve as an additional fixation step. 
Protocol for fluorescence in situ hybridisation (FISH) 

1 • The bacterial slide was covered with a hybridisation solution containing the probe in 
5 question. 

2. The slide was incubated in a humid incubation chamber at 45°C or 55°C for 90 
minutes. 

3. The slide was washed 25 minutes at 45°C or 55°C in prewarmed wash solution (5 mM 
Tris, 145 mM NaCI, pH 10) followed by 30 seconds in water. 

The slide was dried and mounted with IMAGEN Mounting Fluid (DAKO, Copenhagen, 
Denmark) 



10 4. 



15 



20 



The hybridisation solution contains 50 mM Tris, 10 mM NaCI, 10% (w/v) Dextran sulphate, 
30% (v/v) formamide, 0. 1 % (v/v) Triton X-1 00®, 5 mM EDTA, 0. 1 % (w/v) sodium 
pyrophosphate, 0.2% (w/v) polyvinylpyrrolidone, 0.2% (w/v) Ficoll, pH 7.6. 

Whenever possible, the applied equipment was heat-treated, and solutions were exposed to 
1nl/ml diethylpyrocarbonate (Sigma Chemical Co.) in order to inactivate nucleases. 

Microscopically examinations were conducted using a fluorescence microscope (Leica, 
Wetzlar, Germany) equipped with a 100x/1 .20 water objective, a HBO 100 W lamp and a 
FITC filter set. Mycobacteria were identified as fluorescent, 1 - 10 ^m slender, rod-shaped 
bacilli. 



Fluorescein-labelled peptide nucleic acid probes targeting 23S rRNA of the mycobacteria of 
the MTC group (OK 306, OK 309, OK 446, OK 449) and 16S rRNA of the mycobacteria of th 
MTC group (OK 310) were tested. Individual probe concentrations and incubation 
temperatures are listed together with the results in Table 2 and 3. 



TABLE 2 





OK 306 


OK 309 


OK 446 


OK 449 




250nM 


250nM 


500nM 


500nM 




45°C 


45°C 


55°C 


55°C 


M. bovis BCG 


positive 


positive 


positive 


positive 


M. avium 


negative 


negative 


negative 


negative 


M. intracellular 


negative 


negative 


not determined 


not determined 


N. gonorrhoeae 


negative 


negative 


not determined 


not determined 
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TABLE 3 





OK 447 


OK 310 


UK 306/OK310~ 




VM 


250nM 


500/500nM 




55°C 


45°C 


55°C 


M. bovis BCG 


positive 


positive 


positive 


M. avium 


negative 


negative 


negative 


M. intracellulare 


not determined 


negative 


negative 


N. gonorrhoeae 


not determined 


negative 


not determined 



It can be conduded that the probes are a b ,e to penetrate the mycobacterial cel. wa„ of 
mycobacteria cultures and subsequent* hybridise to target rRNA sequence. This makes 
poss, e the development of fl uorescence in situ hybridisation (FISH) protocols for spec^ 

detection of mycobacteria. H 



EXAMPLE 6 



Test of probes on clinical smears of sputum 

The abi.ity of the peptide nucleic acid to penetrate the ceil wai, of mycobacteria of the MTC 
group ,„ c„ ni ca. sampies was tested on smears of sputum from suspected cases of 

ThZr Pr0Vid6d ^ DlViSi0n ° f MiCr0bi0,09y ' Ramathib ° di Hos <^ 

Tha, and) by fluorescence in situ hybridisation (F.SH). Smears from the same patient were 

~'uatec .positive by Zieh,- N ee lS en staining, which shows only the preLce oTal 
fast bacll,, not whether these are mycobacteria of the MTC group. 

Ruorescein-labened peptide nucleic acid probes targeting 23S rRNA of the mycobacteria of 

the MTC group OK 306, OK 446, OK 449) and 16S rRNA nfth. u 

arouo <Okr nim the mvcobac ten'a of the MTC 

group (OK 310) were used. Furthermore, a random peptide nucleic acid probe (a 15-mer 

where, each position may be A, T, C or G (obtained from Mi.lipore Corporation. Bedford MA 
USA) was added tQ the hybrjdjsation so|utjon jn ^ tQ jncrease ^ sjgna) to nojse ^ MA, 

RSH was earned out at 55 -C as described in Examp,e 5. App.ied probe concentrations are 
listed together with the results in Table 4 and 5. 



+ 



10 



15 



TABLE 4 
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Sample 
number 
TH = 


OK /1/1R/Ranrlnm 


ok 449/Random 
1nM/50nM 


Ziehl-Neelsen 
staining 


Positive 


Positive 


4+ 


335 


Positive 


En 


2+ 


345 


Positive 


Positive 


3+ 


224 


Positive 


Positive 


3+ 


297 


Negative 




2+ 


179 


Negative 


Negative 


4+ 


247 


Negative 


Negative 


2+ 


255 


Positive 


Positive 


2+ 


202 


Eq- 


Positive 


2+ 



TABLE 5 



Sample 
number 



213 



292 



159 



287 



OK 306/OK310 
500/500 nM 



Positive 



Positive 



Positive 



Positive 



Ziehl-Neelsen 
staining 



4+ 



4+ 



3+ 



3+ 



W. stamed by Zieh.-Neelsen fining were examined with a 100, objective and scored according 
ZlZT 9 meth ° d: ° baCi " i " +/ " : 1 " 200 fie ' dS ' 2 " 10 fi6,dS ' 3+: 1 " 9 4+ 

Positive: Several mycobacteria were identified in the smear. Negative: No fluorescent mycobacteria 
were .dent.fied in the smear. Eo: Few (1-3) fluorescent mycobacteria were identified in the smear. 

It appears from the table .hat the peptide nucleic acid probes are able to penetrate and 
subsequently hybridise to target sequence of mycobacteria of the MTC-group in AFB-positive 
sputum smears. The fact that not all AFB-positive sputum smears are found positive with 
apphed probes indicate that not all AFB-positive sputum smears contains mycobacteria of the 
MTC-group. 

EXAMPLE 7 



20 



The reactivity and specificity of selected peptide nucleic acid probes for detecting 
mycobacteria of the MTC group as well as probes for detecting mycobacteria of the MOTT 
group were eva.uated by fluorescence in situ hybridisation (F.SH) on control smears prepared 
from cu.tures of different mycobacterium species. The mycobacterium species were selected 
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so as to be representative for the mycobacterium 
species. 



genus as well as to include clinically relevant 



2. 
3. 



M. tuberculosis (ATCC 25177), M. bovis BCG (ATCr i, • . 

5 M avium (ATCC 252Q^ m J 1 M " ,ntracellular « (ATCC 13950), 

av u m (A TCC 25292), M. kansas,, (ATCC12479), M. gordonae (ATCC 14470) M 

r e r c ^:;: 98i \ M - — - < atcc19 ^ - — ^ 

(ATCC 43266) a nd M T ^ ^ ^ '~ ^ M ~ f °™™ 

^z^zr^ 250) were 9rown at ° ubos br ° ,h ^ s — 

msftut) at 37 C with the exception of M. marinum which was grown at 32 °C. 

Smears were prepared as described in Example 5. FISH was carried out as described below. 

Protocol for fluorescence in situ hybridisation (FISH) 

The slide was incubated ,„ a humid incubation chamber al 55-0 for 90 minutes 
The sM e was washed 30 minutes a, 55-c ,„ prewarmed wash so|ul|on mM ^ 
;;^01%^).Tn 1 o„X-100%H,0, fcl ,c»e,b y 30 S eco„, sin l ter 

* ied ^ ™" n,ed ^ ' MAGEN MM '" S ™ <DAK0 ' 

£ «— =0 m M Tris, ,0 mM NaCi. ,0% (w/v, Dexlran sulphate 

30 (v/v, formam*. 0.1% <v*) Triton X-100*. 5 mM EDTA, 0.1% <w„, sodium 
pyropboaphate. 0.2% ,w,v> po,yv,„ y , pyrro , lai)ne , ana 0 2% 

* * b,n ,ng o, the — pep tt e nucleic acid probe, „ mM „ J™ 
no 122) was added to the hybridisation solution. 

Whenever possible, the applied equipment was heat-treated, and solutions were exposed to 
1*. decarbonate (Sigma Chen*,, Co, ,„ order to i„a*a,e null ^ 

Microscopic examinations were conducted using a .uorescence mooscope (Leica Wetzla, 
German,, equlppea wilh . 10cw , 30 „„ ^ . ^ ^ 

band *er set. Mycobacteria were identic on basis o,K,th .uorescence ,s,ron g medLm 
weaK. no, and morphoiooy ,1.,„ , m s te „de, nod-shaped bad, MycobacL f££ 
group may appear pleomorphic. ranging i„ appearanCB „,„, |ong ^ b ^ fo ^ 

Probe concentrates are listed together « the resu.ts In Table 6 and 7 (probes targeting 



25 



30 



35 
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mycobacteria of the MTC group) and Table 8 (probes targeting to mycobacteria of 

group). 



the MOTT 



TABLE 6 





Ok" A*^n 
25 nM 


/~\ 1 ✓ AAA 

OK 682 
1UU nM 


OK 689 
100 nM 


OK 688 
250 nM 


OK 660 
100 nM 


M. tuberculosis 


+++ 


+++ 


+++ 


+++ 


+++ 


M. bovis BCG 


+++ 


+++ 


+++ 


+++ 


+++ 


M. intracellulars 








- 


- 


M. avium 












M. kansasii 


++ 










M. gordonae 












M. scrofulaceum 


+++ 










M. abscessus 










+ 


M. marinum 


+++ 




+ 


+ 


+++ 


M. simiae 












M. szulgai 


+++ 










M. flavescens 




++ 








M. fortuitum 




+ 








M. xenopi 




++ 








— sirong fluorescence, ++ medium fluorescence, + weak fluor 


escence, - no 


fluorescence 



TABLE 7 
Mycobacteria 




M. xenopi 

■ strong fluorescence. ++ med,urn fluorescence. + weak fluolescence. - no fluorescence 
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15 



20 
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TABLE 8 



Mycobacteria 



M. tuberculosis 



M. bovis BCG 



M. intracellulare 



M. avium 



M. kansasii 



M. gordonae 



M. scrofulaceum 



M. abscessus 



M. marinum 



M. simrae 



M. szulgai 



M. flavescens 



M. fortuitum 



M. xenopr 



+++ 



OK 612 
100 nM 



OK 624 
100 nM 



+++ 



strong fluorescence, 



OK 623 
100 nM 



+++ 



++ 



++ 



++ 



++ 



+++ 



+++ 



+++ 



+++ 



+++ 



++ 



medium fluorescence, + weak fluorescence, - no fluorescence 



Each of probes indjcated jn Tab|e 6 7 an(j 8 further . nvestjgated 
hybr,d,sation to other common respiratory bacteria, nameiy Corynebacterium spp 

—I' Haem0Phi ' US inflUe0Zae ' K,ebSie " a P - d omonas 

sZZ2T°: Mm aCneS> StrePt ° C0CCUC PneUm ° niae ' ^Phy-ococcus aureus, 
Br hameila catarrahaLs, Escherichia co,i, Neisseria spp.. Actinobacter ca.coaceticus 
Ac no myces spp ., Emerobacter aerogenes proteus mjrabjijs 

Streptocussuc v.ndans, and Norcardia asteroides. No cross-hybridisation was obseL by 
fluorescence in situ hybridisation to any of these bacteria in the case of OK 682 OK 654 L 
655, OK 688, OK 660, OK 612, OK 624 and OK 623 s nmo ' 
the case of aa* <> n cross-reactivity was observed in 

case of OK 446 (to P. acnes), OK 448 (to P. acnes and B. catarrhal), and OK 450 (to P 
acnes and B. catarrhalis). { P - 

Tab,e 6 and 7 shows that none of the MTC probes cross-react with M. in t race„u. a re and/or M 

OK 624 and OK 623 hybridise to M. intrace.iu.are and M. avium which are both members of 
he MAC group, whereas none of them hybridise to M. tuberculosis or M. bovis BCG OK 612 
y n ,ses to M. avium on,, ,t should be noted that the aligned sequence of M. intrace„uj 

has just one nudeobase difference to the target sequence of M. avium, see Figure 4K. 

The data support the use of the methodo,o gy described in Caim 3 and 4 and exempted in • 
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Example 2 for design of peptide nucleic acid probes that are capabie of hybridising to target 
having at least one nucleobase difference to the target sequence. 



EXAMPLE 8 



10 



15 



20 



25 



To study the usefulness of the peptide nucleic acid probes in distinguishing between 
mycobacteria of the MTC group and mycobacteria of the MOTT group, the probes were tested 
on s f mycobacterium-positive cu,tures prepared from 34 ♦ 28 clinical samples (s ^ 

m <es, ther respiratory samp|es extrapu)monary samp|es) from jndjvjdua|s 

of tuberculosa or other mycobacteria, infections (kindly provided by the Mycobacterium 
Department, Statens Serum Institut, Denmark). Complex/species identification data obtained 
w,th the AccuProbe tests from Gen-Probe Inc., USA were available for each sample. 

Table 9 shows the resuits obtained with four different peptide nucleic acid probes targeting 
mycobacteria of the MTC group (OK 682, OK 660, OK 688 and OK 689) and one probe 
target^ mycobacteria of the MOTT group (OK 623), and Table 10 shows the resu.ts obtained 
wrfh two pept.de nucieic acid probes targeting mycobacteria of the MOTT group (OK 623 and 
OK 6 and a m.xture of two probes targeting mycobacteria of the MTC group (OK 688 and 
OK 689). Data are arranged according to the results obtained by AccuProbe Sample 
preparation, hybridisation and visualisation were performed as described in Example 7. 

TABLE 9 



Complex/ 
species (n) 


OK 623 
25 nM 

n P 


OK 682 
100 nM 

n P 


OK 660 
100 nM 

n p 


OK 688 
250 nM 
n p 


OK 689 
100 nM 
n p 


MTC (23) 


0 


23 


23 


23 


23 


M. avium (5) 


5 


0 


0 


0 


0 


M. gordonae (3) 


3 


0 


0 


0 


0 


Unknown (3) 


3 


0 


0 


0 


0 



Th. to means lhal , he samp „ M miclMaaMt oflBe Mr( , 



TABLE 10 
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Complex/ 
species (n) 


OK 623 
25nM 
n p 


OK 612 
100 nM 
n p 


OK 688/OK 689 
50 nM/50 nM 
"p 


MTC (17) 


0 




16 


M. avium (2) 


2 


2 


0 


M. gordonae (4) 


3 


0 


0 


Unknown (5) 


5 


0 


0 


n p denotes number of positive samples. 





The term "unknown" means that the sample not contains mycobacteria of the MTC group or 

w~r::r MAC9roupacco ^ 



The resuits shown in Table 9 are in conformity with the complex/species identification 
performed with the AccuProbe tests, and thus confirm that peptide nucieic acid probes can be 
used to determine whether an infection is caused by mycobacteria of the MTC group or by 
10 mycobacteria of the MOTT group. 

From the results in Table 10, it can be seen that it is possible to differentiate between 
mycobacteria of the MTC group and mycobacteria of the MOTT group with 1 00 o/ o specificity 
and 91-940/0 sensitivity relative to results obtained by the AccuProbe tests. Furthermore, OK 
612 . very suitable for specific identification of M. avium among those being positive for 
rnyco, t eria of the MOTT group as the result is positive in the case of M. avium and negative 
m the other cases of mycobacteria of the MOTT group. 
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EXAMPLE 9 
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Direct detection of mycobacteria in clinical smears of sputum 

This example demonstrates the ability of the peptide nucleic acid to detect and identify 
mycobacteria directly in AFB-positive sputum S amp,es from suspected cases of tuberculosis 
(kindly proved by Division of Microbiology, Ramathibodi Hospital, Bangkok, Thailand) and 
suspected cases of other mycobacteria, infections (kindly provided by Clinical Microbiology 
Dept., Rigshospitalet, Copenhagen, Denmark) by FISH is shown. 

The c linica| smears were prepared accord . ng tQ procedure _ bed ^ E ^ (e ^ ^ 
FISH was performed as described in Example 7. The results are shown in Table 11. 
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TABLE 11 



Sample no. 
1 


UK. 623 
25 nM 


OK 654 
100 nM 


OK 655 
150 nM 


OK 682 
100 nM 


OK 688 
250 nM 


OK 689 
100 nM 






++ 


++ 


++ 


++ 


++ 


175 
459 




++ 


nd 


nd 


++ 


++ 


166 






nd 


nd 






268 








nd 






34267 




++ 


++ 


++ 


++ 


++ 


nd: not determine 


++ 

d 













- strong fluorescence, ++ medium fluorescence, + weak fluorescence, - no fluorescence 

It appears from examples in Table 1 1 that AFB-positive sputum smears were evaluated 
postfrve for mycobacteria of the MTC group (sample numbers 1, 175, and 268), positive for 

sample numbers. 459 and 1«) by the appiied probes. Thus, PNA-probes are useful reagents 
or s P e Clfic ldentjficatjon of mycobacterja djrect|y ^ smegrs ^ fluorescence 

hybr,d, S auon. AFB-positive sputum samples that are negative with all probes may be 
explained in three ways: a) the samp,e may contain mycobacteria not detected by the probes 
e-g. M. fortuitum, b) the sample may contain other acid-fast bacteria than mycobacteria, or c) ' 
the mycobactena in the samp,e lack or have a strongly reduced content of rRNA due to for 

example antibiotic treatment. 

In conclusion, direct identification of mycobacteria in smear-positive sputum samples by 
pept.de nucleic acid-based fluorescence in situ hybridisation combines simphcity and 
morphological advantages of current staining methods with concominant species 
identification, and will thus allow clinical microbiology laboratories to benefit from the 
advantages offered by molecular techniques to provide crucial information pertaining to 
therapy and patient management. 



EXAMPLE 10 



Th.s exampie demonstrates simultaneous detection and identification of mycobacteria of the 
MTC group and mycobacteria of the MOTT group using differently iabelled probes targeting 
mycobacteria of the MTC group and mycobacteria of the MOTT group, respectively by 

fluorescence in situ hybridisation. 
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(Table 8, last row). FISH was performed as described in Example 7. 

mtc ~ t; nucleic acid probe tar9eting 1 6s rRNA ° f m ~* - - 

rRNAoTm 7 , 3 flU ° reSCein - ,abe,led ^ e "uddc acid probe targeting 16S 

con t ^ ° 3 °^ the MOTT group (OK 623) were applied simultaneously in the 
concentrations listed in Table 12 together with the results. 



TABLE 12 



Mycobacterium species 


UK 623/OK 702 




25/250 nM 


M. tuberculosis 


- (G)/ +++ (R) 


M. bovis BCG 


-(G)/ +++ (R) 


M. avium 


+ ++ (G)/-(R) 


M. intracellular 


+++ (G)/-(R) 


M. kansasii 


+++ (G)/-(R) 


M. avium / M. tuberculosis 

+++ <?tmnn fit i^rA^^^^ 


+++ (G)/+++ (R) 



G green fluorescence, R red fluorescence 

Mycobacteria of the MTC 9rou p, i.e. M. tuberous an(f M . „„,, ^ 

<•« mycobacteria, whereas mycobacteria o, the MOTT oro„p. i.e. M. a„ U m „ 

m the M. av, Um , M . , u b ereu ,os, s mlxture w . re |denlifed „ y . ^ 

mycobacteria and red fluorescent mycobacteria. en fluorescent 

The re s „ lls show ( ha . „ ^ „ ^ ^ m 

labelled peptide nucleic acid probes. 



EXAMPLE 1 1 

The ablBty f a peptjde nuc|ejc add probes to hybrjdjse to precursor ^ d ^ 

d.s.ngu.sh between precursor rRNA of M. tuberculosis and precursor rRNA of M. avium was 
investigated by fluorescence in situ hybridisation. 

tZTr Pre T 35 deSCrib6d ^ EX3mP,e 5 F ' SH W6re «* - scribed in 

Example 7 us.ng a f,uorescein-,abe„ed probe targeting precursor rRNA of M. tuberculosis (OK 



+ 



749). The results are given in Table 13. 
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TABLE 13 


Mycobacterium 


OK 749 




1000 nM 


M. tuberculosis 


+ 


M. avium 




+ weak fluorescence 


- no fluorescence 



M - P°>~ ,o disfcauish beuveen precursor rRNA , om dmeren( mycobact6rtum J£ 
The app„ca„on of peptete nuMeic acw tergeeng trxurx[ ~~ 
measun„ g the mycobactertal gMh an(f ^ ^ ^ ^ ^ ^ ^ » *r 

rela,io„ to » „e ame „, « tutereulosi8 ana dmg suscepMty sMfes bl0lKS 

EXAMPLE 12 

The abliir, „, pep,,* nircieic aold probes fo , diffeten(iaUon o( ^ ^ 

««*nt mycobacttria was evaiuated usin g a torescein-labelled probe tergel ,„ 9 , he „ iM 

,r„ s 7T 0,233 ™ A ° m aviMd M *" 

labelied probes .aroetino sin g ie point moMms assoc , ated ^ 

avium and M. intracellulars, trance in iw. 



25^ " a 7; reParea 88 * SC " bM ^ = <™ ciiMres o, M. avium (ATCC no 
2 92, and M. ,„«race,,u,are (ATCC no. 1395 0,. These strains are an.icipa.ed ,„ =o„, aln 
* sequence o, ,KN„ Macroiide resist varia„,s were no. avaliabie. FISH was ca r ed 
ou, as described in Example 7 os in 9 a .uorescein-iabelied pep M e nucieic acid probe 
te ^ ng « 23S ^ (OK M5) ^ a ^ of ^ 

"r,r;i:ir™ m23srDNAo,GanBa " kam ^ 529 "'- Fi --»--- 
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TABLE 14 



Mycobacterium species 


OK 745/OK 746/OK 747 ] 
500/500/500 nM 


M. avium (wild type) 


+++ (G)/-(R) 


imracenuiare (wild type) +++ ( G )/-(R) 

+++ strong fluorescence - no nuor^r^Z ■ 
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G green fluorescence, R red fluorescence 

OK 746 and OK 747 are each a mixture of three sing.e point mutation probes 

The resu,ts in Tab,e 14 show that M. avium and M. intrace.lulare are detected with the 

P-e (OK 745) t a rgeting M. avium and M. intracelMare wild types and 
not etected w,th the mixture of rhodamine-,a b e,.ed probes (OK 746 and OK 747)trgel 

oThte 7 ^ reSiS,ant VariantS ' reSPeCtiVe,y - ™* be im P^nt tools or 

both the pred.ct.on of an efficient therapy as we., as for monitoring the effect of the treatment. 

EXAMPLE 13 

To «u*«. , ,„e S pee„ ^ whlch ^ nud6fc ^ ^ 

« and subsK , UMy „ ybrtdise 10 their ^ ^ ^ «> <*» 

»as ^ 10 „ mlnules hyWd|safon ^ aM ffie resuiB 
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TABLE 15 



M. tuberculosis 
M. avium 



OK 623 
25 nM 



15 min 



++ 



90 min 



OK 689 
100 nM 



15 min 



+++ 



++ 



90 min 



+++ 



1*2 JIT 9 fluorescence + + medium fluorescence" 
+ weak fluorescence - no fluorescence 

The data presented in Table 15 show that hybridisation by peptide nucleic acid probes inside 

ir : cteria : ce,,s is accompnshed in a ^ ^ «™ »-« - * ~ *r 

ev 15 r; mCUbati0a ThUS ' the USS •»■*• nuctte acid probes makes possible the 
development of very fast fluorescence in situ hybridisation protocols. 
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EXAMPLE 14 



To describe the ability of very short peptide nucleic acid probes to hybridise to target 
sequences, a 12-mer peptide nucleic acid probe labelled with fluorescein (OK 575) was tested 
by fluorescence in situ hybridisation (FISH). 

Smears were prepared as described in Examp,e 5 and FISH were carried out as described in 

Example 7. The results are given in Table 16. 



3 TABLE 16 



Mycobacterium 


OK 575 




50 nM 


M. tuberculosis 


+ 


M. bovis BCG 


++ 


M. avium 




M. intracellular 




M. kansasii 

++ rnAriium fli iArnn««„, 





The results in table 17 shows that a 12-mer peptide nucleic acid probe is capable of 
hybridising specifically to target sequences under the same stringency conditions as 15-mers 
A lower florescence intensity is obtained as the T m for a 12-mer peptide nucleic acid probe is ' 
lower than T m for a 15-mer peptide nucleic acid probe. 

The data clearly suggest that by lowering the stringency condition, e.g. by decreasing the 
hybndisation/washing temperature and/or the concentration of formamide, even shorter 
probes may be applied for detection of mycobacteria provided that specific sequences of such 

can be designed. 



